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INTRODUCrrORY CHAPTER. 

^ 

Man, ill every period of lus existence, and in every state 
of society^ receives liis sensations from external phenomenH. 
luaninRltc as w#ll a« animated objects are constantly lire- 
senting appearances which have a mysterious influence on 
tile sentient powers of i5|m. Hie majority of mankind 
recf'ivi: the impressions pruluced by these phenbrnena, 
witnout iiiipuring into;;%'i:gency by wliich they are regu- 
lated;^ it is the business of the natural philosopj^r to ascei- 
tain tW^i^dure and influence of their causesji* 

Ulthnate causes arc beyond our powers of analysis ; we 
may. apjfroxiinate to a knowledge of them, but we. canno. 
ascertuin their nature, or the actual extent of their influence. 
Nearly all the appearances in nature may be resolved into the 
lirqduction of motion ; and wc are capable of ascertaining 
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THE LA'^'S OF NATURE. 


its laws, but cannot discover its origin. We may, indeed^ 
resolve all causes into the will of a self-existent, eternal. 
Being ; but there is a link between the will of this Being 
and the laws of Nature, which our researches fail to suj)])ly*^ 

If we examine, on the other hand, the influence of these 
appearances on ourselves, we are led to the same result. 
The sun shines, and it occasions in us sensations wdiich are 
called light and heat. Now the action of a solar ray may he 
traced from one effect to another, until we have ascertained 
that it impinges upon a small fibre of the eye, railed 4ie 
optic nerve. By this nerve an effect is ciuried to the brain, 
and a sensation is jiroduced; but we can neither determir^- 
how the nerve can conduct an impression to the brain, or 
how the brain can act upon those ])aris of the human frame 
which are the seats of sensation. 

There are, then, boundaries to our inquiry, not arising* 
from any want of continuity between cause, and eflTect, but 
from the imperfect nature of our reason. To trace, conse- 
cutively, natural causes to the ultimate Being, requires an 
order of mind higher than that possessed by man. We must 
satisfy ourselvesf \. ith a know* -dge of the laws which goccrii 
appearances, and this is one of ultimate objects })roposed 
by natural ')hiloso])liy. 

The word lu,w^ as ax)plied to natural objects, is ''v'tlently 
used in a sense somewhat different from its common accejjt- 
ation. In reference to inanimate nature, it must oe under- 
stood as a fixed immutable process of action, the lule by 
which any a])pearance is produced. 

Now, how are these laws to be determined ? Sofnethnes 



LIGHTNING. 


jli'ey may be discovered by observation. Thus, by narrowly 
watching the times, circumstances, and conditions, under 
which a body presents certain phenomena, we may ascertain 
*the causes of those jihenomcna; and by a knowledge of the 
causei^ we may deduce tlie law or laws by which that body 
is governed. 

\Vc more Commonly endeavour to ascertain the laws of 
nature by exjieriinents, in which we give activity to causes 
over which wc have a positive control ; and, from the results, 
de^uce'^the laws by which they are governed. 

Thus we obser\'e lightning as an atmospheric ajipearance ; 
no observations ujion it, or njion llie attendant jdie- 
nomcna, can give us i^ny certain information of its nature, 
much less of the laws of that s])ecies of matter by which 
it is produced. We see that it resembles the passage of 
\ luminous fluid from one cloud to another, or to the 
earth; tliali the clouds arc unusually low ; and that it not 
unfrcquently ])roduce * devastating effects when it reaches 
the earth. But these arc facts that can never lead us to 
a knowlcdg^^of its cause. discover, however, or^ fancy 
we discover, a great analogjf^.l)Ct\\peii the ajipearance of 
lightning, and the dischm^* of accumulated electricity, — ^ 
and ii^ possible there may be an identity of i#ngiii. To 
])rove ifiift^tber this be, or be not the case, we will endeavour , 
to bring the electricity of the atmosphere — if it be electri- 
city tnat produces lightning — under our control, and submit 
fit to ekj»eriment. We consccpiently raise into the air a 
pody which will conduct the fluid to any spot that we 
iplease, so that it may exert an influence upon those instrii- 

B 2 
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DEC:EPTIO^ OF THE SENSES. 


meats by which the presence of electricity is tested. 
results answer our expectations, and it is discovered thal 
electricity is the cause of the phenomenon. Bui from that 
knowledge of the electric fluid obtained by other experi* 
meats, >ve are certain that luminous eflbcts arc nev^T pro- 
duced by electricity, unless it is ip motion, and then only 
when it is passing from one medium to another. We have 
also ascertained that electricity U never put in motion except 

I ‘ 

when the electric equilibrhfin is destroyed; that is, when 
one part of a body is in a state different from some o'.hcr 
jmrt, or when one body is in a c')ndition opposite* to that of 
some contiguous body. If cither of these effects be pr*)- 
duced, electricity will be \mi in motion, and transmitted 
by any substance that is ca])ablc of conducting it. 

1 laving discovered that electricity is present when lightning 
is seen, wc are led to deduce that lightning is occasioned 
by the spontaneous discharge of the electricity of the clouds 

To the man who has not thus learned to interrogate na- 
ture, the universe is a riddle, ajjd the confusion of bis ideas 
is j)romoted by the dcccpliovs to which he is subject from 

•"I 

the erroneous impression hi.s senses. Not only is lit 
unable to estimate the causes .>) which phenomena are pro- 
duced, bVtt he is labouring under the disadvaiita^ e of ar 
erroneous perception of the apjiearances around rdni. Il 
seems hard to doubt the testimony of our senses, yet ihe> 
are constantly deceiving us. We do not mean that our senset 
are habitually deceived, but they are often incapacitated, fron 
the circumstances under which they act, to give accurat( 
information. In attemj)ting to discover the causes of phe 
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Momena, wc discover the errors under which we perceive 
the phenomena themselves, and arc thus able to correct the 
inaccurate impressions which are conducted to our minds hy 
the senses. • 

We*have already shown how we may ascertain the causes 
of {dienoinena, and it 3i5,now our business to explain how 
our senses deceive us in conveying false representations of 
external ap])cai’anccs. 

The organ may be quite <*apaliic of conveying with accuracy 
th!^ imiircssion it receives, but there may be errors connected 
with external causes, and* these it cannot detect. There 
ftiay, also, be certain conditions, under which it may, from 
its very construction, .be unable to convey an imi>ression, 
and it may be susceptible of derangements which exert an 

* influence over the character of the sensations it is instru- 
mental in producing. Now, all these causes of error do 

really exist, and deserve to be examined more at large. 

•• • 

Our organs of sense, excej)ting the eye, are limited in 
their conveyance of external phenomena. To the influence 
of appcarai»ces on the eyc,Vherc is no natural boundary. 
Reejons, from which imagiiia^Sj^n has scarcely dared to anti- 
cipate sm idea, have made1.iilir imjircssions upon it ; no bodj 
is toowistant or too near, too large or too small,^to affect it. 
With tlft aids which have been offered by science and art^* 

• it has inysstigated almost the idtimatc minuteness of bodies, 
and the largest masses are not too extensive to affect this 
deUcafe organ. UTie eye being the principal! medium through 
which we receive our impression of external objects, it is not 
suiT^irising that it is most susceptible of deception, and this 
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MOllON OK THE PLANETS. 


fact will explain why the majority of our illustrations arfr 
drawn from the A'isual sensations. 

There arc few jdienomcna which are not presented to us 
under circumstances roqiiiringr correction. Ar appearance 
is not {renerally produced by any one agent, but is modified 
])y a series of causes, so that it is pcmetiraes difTicnlt to dc- 
termine which has most influence in its production. As the 
senses are inadequate to the detection of cause q so they can- 
not correct the errors which influence natural phenomena. 
Of the truth of this statement 'we might adduce innumerafile 
examples ; we will mention a few. 

The earth apjiears, to all who inluihit it, a stationary body 
in the centre of the universe. Around it the celestial sjdierc 
is apj)aiently moving once in twenty-four hours, carrying 
with it all the heavenly bodies, whicli seem to be perma- 
nently fixed in the deej) concavity. An observation continued 
for a few minutes on the relative positions of flic planets 
])roves that they are not permanently fixed, 'i'hcse bodies 
have a revolution indej)endent the diurnal rotation, and 

that nru)tion is found, by furtlu observations, to*be confined 

£ 

within a certain zone, cfuled t’ i ecliptic. As soon as we have 
assured ourselves of this, we begin'to have some doir»t of the 
truth of our first impression, that the celestial spher^ has a 
•diurnal revolution round the earth. Tlie more extensive our 
obscr\'ations, the more permanent are our doubts. We dis- • 
cover that all the stars are not situated at the same distance 
from the earth, and they do not always appear to have the 
same motion. Now it is evident cjin only conceive of 
the celestial sphere as in a state of revolution, by supposing 
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die bodies to be immoveably fixed in it ; the relative motion 
of the planets, therefore, proves that the diurnal revolution 
is not a real motion, and that we must seek some better ex- 

m * 

planation. • 

Only one other cause can be fifiven, and we are compelled 
10 admit that the earth r»yst be the revolving body, however 
inconsistent tfie supposition may be with all our former no- 
tions. We will now take this admitted fact as an element 
in our future astronomical caloulalions, and if we find the 
phenomena to agree in circumstances and in time with the 
results of our calculations* w'e may consider every fulfilled 
jlrediction as a [iroof of the truth of the sujiposition. Now, 
this is actually the case; and such is the nature of the 
evidence by which the diuriud revolution of the earth i.s 
demonstrated. 

Again, light, in passing through glass, as well as through 
many othet substances, is bent out of a straight course, or, 
ill other u'ords, is refracted. 'Hie phenomenon of refraction 
is one of the most striking ijistances of the inadequacy of our 
senses to correct the errors^discovered by physical science, 
and ^ of the consequently er^neou* impressions made by 
them. A’he atraosjhere ITa^J like glass, the power of bend^ 
ing ligm from its rectilinear direction ; and it it a law in 
0 ])tics,*tflat an object is seen in the direction of the visual* 
ray at tl^ moment it enters tlie eye, whatever its jireviuus 
course may have been. Now, as the atmosphere intervenes 
bety^een the eye of every spectator and the heavenly bodies, 
no celestial object is seen from the earth in its real ixisition. 
'lilt: atmosphere is, in fact, an aerial ocean encircling the 
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earth ; and as air possesses the jjroperty of compressibility, 
the lower portions of the atmosphere must be more dense 
than the superincumbent. Light has, in its passage to the 
earth, to pass through a succession of aeria^ strata, and 
is bent into a cun’^e, which causes all bodies to vippear 
higher than they really are. For JjJiis reason, the sun and 
the heavenly bodies a])])ear to have risen, when they arc 
actually below the horizon, — and to be above the horizon, 
when they have really set. * 

But refraction also distorts objects that arc seen under’^ts 
influence. The sun a])i)ears to be round in the zenith and 
oval in the horizon, the horizontal diameter being greatdr 
than the vertical, and the lower limb more flattened than 
the uj)j)er. This distortion of form arises from the rapid 
increase of refraction as the body a[)proaches the horizon. 

The .same efTects, though not so large in amount, are pro- 
duced in the passage of light from terrestrial bhjects, so 
that we are viewing all things suliject to an error of position 
and form, by which the vision i> imj)osed uj)on, having no 
power in itself to correct the c 4*or.s. 

The phenomenon of tnira^H is intimately connected wdth 
*that of refraction. It is a spectral rcprescntatiowi in the 
atmosphere, of a terrestrial body; and, although^ seldom 
* seen, has been a source of superstition in every age of the 
w'orld. It is wfdl known that in the sixteenth a'^d seven- 
teenth centuries, these ])licnoincna were registered by the 
prophets of ill, as forewarnings of some direful judgmf^nts 
that were soon to affect a nation, or the human race in 
general. It is impossible to read the records of the ]}ast 
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without pityinfT the weakness, or reprobating tlie deceit, 
which tlius iinj)osed upon the credulity of man. By such 
incaiis tlie natural inquisitiveness of the human mind has 
1}een repressfjd, and the wholesome food of thought has been 
con veiled into a virulent poison ; and in this condition of 
tilings consisted the darljness of the middle ages. 

Another inStarice in which we arc deceived is in the edn- 
stitiiti(m of light itself, and in the colour of bodies. Our 
unassisted senses would dctermifie light to be a homogeneous 
sul^tance, and the colour of bodies an inherent j)ro]>erty. 
\Vc have already stated that light, in passing through glass, 
ffs well as many other substances, is bent out of a straight 
course, or, in other Wi)rds, is refracted. But, if a ray of 
light be admitted into a dark room, and be made to fall on 
the plane surface of a jiicce of glass in the form of a prism, 
it is not only bent upwards, but is also divided into rays, 
having se\^n distinct colours. Under any other conditions, 

m* • 

a s])f)t of white light is fonned. By this experiment, there- 
fore, we discover that sola^light is comjMised of rays having 
seven distiiict colours, and^^that we have been deceived in 
considering it a horaogeneoHj sul^tanc^, having but one 
colour.! 

Wl.™ this discovery has been made, we vefy naturally 
inquii* ^'hethcr these rays have precisely iBc same projiei;-, 
• ties, and^])roduce the same effects. From what we know of 
solar light, we imagine it to be always attended by a consi- 
derRbte development of heat. This heat may be equally 
divided among the rays of the spectrum, or it may be cen- 
teftd in some one particular ray. For aught that we know 
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they may all have difierent properties; and it is equally 
possilde tliat the removal of one of the rays might so destroy 
the solar heat, as to cause light to produce the most bitter 
cold. No real information, however, as to effuses, can be 
acquired by speculation ; we must resort to expcriiLcnt, if 
we would know the cause of solai;, heat. Let us place the 
bail of a thermometer successively in each of the differently 
coloured rays of the sjicctrum. By this simple cxjierimeiit 
we discover that the temjiercture is more raised in the red 
ray than in any other, and in the violet ray least ; betw’^en 
these two extremes there is a decreasing elevation from the 
red to the violet. Light is, therefore, not only compound, 
but its component rays have different., calorific powers. Nor 
does this at all dejiend upon the illuminating powers of the 
rays, — for the yellow is the most brilliant part of the sjiec- 
trum, and at the extremity of the red the brilliancy is the 
least. But it is possible that solar light may ^ have rays 
which are invisible to the naked eye. We know that heat is 
frequently developed where ther*^ is no light, and uncom- 
bined heat may attend the prq^sress of the solai rays. An 
experiment will piove tl\e trj\\h of the su])posilion. If the 
bulb of the thermoineier be pl^^ed a little beyond; the red 
ray, the mfercury will rise to a greater height than w.iCn in 
Abe ray itself. * Beyond this point the thennomctei is also 
affected, though the influence gradually diminish^^s. And 
hence it ap])ears that the greatest calorific effect of solar light 
arises from an invisible ray. 

It may be said, these are not fair instances of deception. 
It is true, that nearly all natural phenomena deceive us'- in 
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liic same way ; that is, we are only able to guess of the con- 
stitution and proj)erties of bodies, without exjjcriinent. Bui 
as a variety of opinions, founded on some perceptible pro- 
perty, may Ije entertained concerning every body, and as 
only one o])inion can be true, it is evident that we may be 
[)roni])ted by our senses to entertain an erroneous opinion 
of external phenomena. \Vc are, then, in tliis instance de- 
ceived by our sense of sight, since, from its unassisted 
agency, we could only have iin^ined light to be a homoge- 
neaus Substance, having a white colour, and equally con- 
nected throughout with a Qfjrtain amount of caloric. 

• With such an imj)ression, it is not singular that we should 
imagine colour to be an inherent projierty of bodies. But 
this error must have been removed from the mind, by the 
' remarks which have been already made ; for whenever the 
"prismatic siieclrum is thrown on a body, tlic several lints of 
tin* s]>ectruni arc distinctly shown, without in the slightest 
degree tneiiding with what may be called its natural colour. 

We have hitherto confined our observations to the de- 
ceplions aH'cting the eye examinations of nature. 

Altfiuutfh our other senses JJannqJ be iiiqiosed upon so 
extensi Jdy as this, by ^xlcrnal phenomena, yet they are 
all sivi/eptible of erroneous impressions. Th/ sense of 
taste iS,#n a great degree, influenced by the ^mdition of the^ 
, sense df ^rnell ; and in numerous ways the sense of touch 
is iin])osed upon. The car, also, is cajiahle of decejition, 
and^ frequently deceived by atmospheric or local causes 
over which we have no control, and the impression of which 
111® organ of hearing cannot correct. 
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Sound is a sensation produced by the communication <?f 
a certain motion excited in })Oiidcrable matter by the agency 
of a conducting body. The kind of sensation resulting from 
a vibrating body, depends upon the nature of^ the medium 
by which the effect is to ]>e conducted to the ear. Some 
of the gases transmit sound morc^^raj)idly than others, and 
the intensity of the tone produced from the shine body will 
also vary according to the nature of the gas. , 

It has often been obscr\;vd, that sounds arc much more 
distinct and powerful during the night than the day, wKch 
has been attributed to the rej)QSC of the animal creation. 
Poets have, in all ages, matle the remarkable stillness of tb.* 
hours of rest a subject of song, and have* given expression to 
the solemn feelings of superstition to which the calm univer- 
sally gives rise : — 

It is the hour A\h(n from the 
The higli iioK' is 

ll is llie hour when lover*-’ \ows 
Seeuj sveot in evt-r;"' whispered wtnd. 

livno’.N. 

This remarkable stillness of iln night, and the thstinct- 
ncss with ‘tidiich any casual sound may be heard; ^ arises 
from the equality of the atmospheric tcini)erature. • During 
the day the air is very unequally heated, and therp are con-, 
stant successions of light strata that arc rising, and of cold 
ones that are descending. This inequality of temperature 
gives rise to an inequality of density, which prevents the 
easy transfer of the vibrations produced by the sounding 

1 
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Bui during the night, when the density of the atmo- 
sphere is rendered more uniform by the equal distribution 
of heat, a fess intcrrui)ted wave is the result, which gives v 
greater distinctness to the sound. 

AV(i.inight ])r()ceed, almost without end, in citing instancef- 
of dccc])tiou arising from the erroneous impressions of na- 
tural ]>lu‘noiiftiia conveyed to the mind by the senses. Frtm.’ 
the few iii'^tanccs whifh ha\e been mentioned, it is evidenl 
thru the unassisted senses are ^equently incapable of giving 
accurate information concerning the niitural pheno- 
mena hy M'hich wc arc sura^ounded, but, on the other hand, 
4hcy often lead us into error; yet all our sensations — and 
from these our oijiuions arc deduced — result from the 
agency of apjx'arances that are without us. Tlirough the 
impr<•^.slons thus received, uncorrected hy philosophy, tlu 
superstitious feelings of our nature are excited and encou- 
raged. ^ 

We •fire not, how?ver, on this account, to disi)aragc the 
testimoii}' of our senses, ^hough it is necessar}^ wc should 
receive ihe; iin])ressions tlj^y convey with care, if not with 
suspiemn. The conditions j<hider^vhich» natural causes act, 
and til* manner in whirfiithc organs arc excited, should be 
eoiisi'iftred, and thus wc may be prevented fronf over-rating 
the ifgincy of the senses. In th#phenoii!tna we have ex-^ 

aininW, the senses are not the causes of the deception, but 

* ^ 

the agents by which the deceptions are conveyed to the 
ininc^. To correct these errors is one of the objects of 
natural jdiilosophy, and its capability of doing so is no 
slight advantage. Thus, in the phenomenon of refraction. 
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we are deceived because unable to detect the erroneous 
manner in which the appearance is tvansinitlcd to the 
organ of sight. By experiment we discover, that, in j>ass- 
ing through a fluid medium, the rays of light are refracted ; 
and hence we infer that they must sufler tlie same eflect in 
passing through the atmosphere. The eye might have been 
fised for ever on the heavenly bodies, withoiit discovering 
that their ai)parent was not their real ])lace ; and we should 
still have imagined the heavens to liave had a diurnal revo- 
lution round the earth, had we entirely dej)ended' on^idic 
testimony of our senses. ^ 

It must not be supposed that wc insin\ialc, in these ro' 
marks, an incapacity in the organs of sense for the j)urj)oses 
which they were intended to jierfonn. Such a sentiment 
would be in the highest degree derogatory of the ex<|uisite 
skill displayed in the construction of our animal parts, and 
their adai)talion to the noblest j)urposcs of our nahire. 'Flic 
organs of sense are quite adequate to^thc ])iirj)oses of man, 
in the supply of all his physical wants ; and if w(' are sus- 
cei)tiblc of deception from natu^d aj)pearanec.s, jt is only in 
those cases where uo bodily inj|,ury can accrue ; and i^*^ mighl 
even l)e said, that the xcry exisf^erce of a cajiabilit^ of de- 
ception is, When discovered in a single instance, calculated 
to excite the i^ioprovcable reason by which man i ^distin- 
guished. In the formation of animals, it has-been an 
object with the Creator to construct a perft'ct organization 
for sensation, suited to the being and liabits of the ahimal. 
This statement is equally true of man ; hut at the same 
time, the Creator has had regard to his intellectual clvi- 
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radler. The human eye is furnished with no organization 
liy which it can c«)rrect the phenomenon of refraction. But 
this error iVi vision is not in any circumstance detrimental 
Inf the physical condition of man, nor would he have been 
acquainted with the fact, had he not been in jiossession 
of reason. That reason led him to an investigathm of the 
earth, and the worlds around him, and that investigatidh 
led him to the discovery of the fact. With similar wisdom 
and benevolence of design, fishes are endowed with some 
orgj^iizsition by which they can correct the error of refrac- 
tion, as evidently appears frpm the facility with which they 
catch insects that arc flying just above the surface of the 
water. 

If there l)c one statement more distinctly develojied in na- 
cure tlian another, it is, that the characteristic sensations of 
am animal arc arranged to suit its constitution and habits. 
'J’his may be pnived hy a reference to one or two diflereiit 
classes uf*animal.s. 

• 'lake, as an instance, the animals belonging to the genus 
Fclis. Ji is jTctty well kno^m that the majority of these 
aimiiftls hunt their prey by ni^ht, aiid that they have an 
orgaiiTziilVn of the eye by^wlficlT they are capable of seeing 
with a v(/y small amount of light. This lias been Atributed 
to the o|(a^ form of their t:yes ; hut erroneouslf , for some of 
the aniimds who are able to see, when our organ of vision 
IS unauected, have a circular pupil, while others have a ca- 
pability^of altering the form of the eye according to the 
intensity of the light. The lion has circular eyes, but it 
generally hunts its prey by night. The Angora cat has the 
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power of changing the form of its eye ; when it is exposed 
to a light of small intensity, it is nearly circular, and be* 
comes more and more elliptical as the light incieases, and is 
almost linefd when exposed to the full rays of the sun. 

I* 

Tiic tiger, also, is capable of changing the form of, its eyes 
from an oval to a circular shape, and that altogether inde- 
pendent of the intensity of light, being chkily allectod !>}' 
mental iiniiressions. It does not, therefore, a]>])car that the 
division of the genus Fobs into nocturnal and diurnal ani- 
inrds, founded on the shape of their (‘yes, is at all stent 
with the habits of the species, , and wc must sei^k some other 
cause for the explanati<iit of their peculiar cility in seeing 
with light of very small inUmsity. For thi* purj)osc the}’ 

I 

have a construction of tlie eye adapted to collect all the 
scallered rays of light, however feeble their intensity ina'/ 
he. They are thus able to accumulate the diffused rat.-, 
and ajiply them to the object of sight, when , our organ r>f 
vision is unaffected. * ’ 

We. find another illustration to our remark, in the con' 
struction of the eye of birds. /flie most evident and remark- 
able' circumstance in the cewstitution of biids is their facility 
of motion. Had they been ftffJVcd, with their gr| at ihipidU) , 
of flighty without a capability of seeing with di.sVuctness al 
both small Vind great distances, the const nictiyn^j adapting 
tliem for rapid motion would have been dangerous as wt l! 
U'! useless. But they are capable of this, having the powc i 
of discerning objects that are at the point of their beak, a** 
well as at a great distance No sjiecies of birds posses^ 
these varied j)OV.’er^’ more remarkably than some pf tin* 
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T^cipitres, for it is well known that vultures and eagles will 
lescend directly ui)on a carcass, from heights wlierc, to the 
human eye* they aj)j)ear as indistinct clouds. 

^ The eyes qf birds are furnished with two peculiarities of 
L'onstruction. In order that they may see objects that arc 
v'^ery near, their eyes ar«, furnislied with a broad circular 
rim, whicli confines the action of tlie muscles, and thus 
elongates tlie axis. That they may see objects that are 
very distant, the eye is supplie(k \vith an additional muscle, 
call^ tlTc inarsupium, ]>y which they can draw the ciys- 
talline lens farther from tlte cornea. By these two con- 
trivances, whuth arc entirely under the control of the will, 
they can adapt the eyt^ to any degree of nearness or dis- 
Uince. 

• It would be interesting to compare tlie facilities of motion 

'ftid sight possessed by diflerent birds; and were w'e lo do 

so, wc shoukl find that those which have the greatest velocity 

of motiofi* have also the greatest acuteness of sight. The 

accipitres, which rise to th% greatest elevations, have also 

the most pcrfivt vision. I'he.^ birds, in their lofty flight, 

. » • • 

exist m ftn exceedingly rarih#ti altlrosjdiciv, and consc- 

ntly ole of small rcfrrfttif^e power ; and to jiij^vide for 
this, the eye contains a larger quantity of aqueous humour 
than is }AsAessed by other birds. 

,In botli tV'se instances, the eye, as an organ of sensation, 
is adapted to the jiarticular habits of the animal; nor is 
this fa^t^iess remarkably developed in the eyes of insects, 
ienerally sjieaking, the cornea of insects arc made up of an 
Infinite numlier of small, transparent, horny lenses, which 

c 
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have no external motion. There are, however, some ex- 
ceptions to this rule. Amon|T them wc might mention the 
eye of tlie monocnhis apus. In some insects we can trace 
the adaptation of the particular form of the eye to the habits 
of the animal ; in others wc cannot, for want of sufficieni 
acquaintance with their constitution and enemies. One of 
the most remarkable instances of delicacy of construction 
in this organ, is found in the insect we have just mentioned. 
The monoculus apus is about the size of a Ilea, and is com> 
mon in our ditches, and other standing water. K d^/'ived 
its name from the supposition that it had only one eye ; for, 
on account of tlie smallness of the head, both the ey^'s, 
which are situated in the middle of, the forehead, seem to hv 
united. They arc coinpo.se(l of a number of smooth bright 
hemis])heres, each of whicli has a separate motion, jmf- 
duced by the action of a collection of delicate muscles,— 
a most beautiful arrangement, and contrived, no doubt, for 

t . 

the purpose of enabling it to avoid the enemits by which ii 
is surrounded. , 

Although the human eye^ is not provided w'ith so com 
]dex an apparatus as# maiv.Vif the lower classc.s animals, 
yet it is impossible to examine it without admiri^'g the skill 
with which it has been formed, and acknowledging its adapt- 
ation to all Ihe purjiGses contemplated in its flhrf^jtruction 
It is true man has numerous wants, which cj^nn'ot be sui)* 
idled by mere examination of nature. A too entire depeml- 
ence upon his senses will mislead and deceive hkn, and ir* 
cases of perpetual occurrence thej’ require assistance froir 
his invention. 



THE HUMA^ EYE. 


19 


,*Morcover, it is not a little remarkable, that tlic human 
eye is much more subject to iliscase than the eyes of other 
animals. But man is in possession of a power by w'hich the 
^lajority of ijiesc may be removed, and instruments may be 
supplied to correct the errors which arise from them. Near 
and long siglits are common among us ; but, by the use pf 
differently shaped lenses, the inconvenience arising from 
these diseases may be avoided. 

The limits of our vision arc naturally small, but wt have 
('xUiadecl them almost indefinitely, by the invention of the 
inicrosco])t and the telcscfipe. ith one wc investigate 
I'JTganized structure, so small, that its very existence had 
been before unknown. •With the other we examine the con- 
stitution of worlds which appear, without its assistance, only 
""as ])oints in the immensity of space. These are the results 
of our cri<]uiry ; but it must be remarked, that they only 
tend lo the* advaiieement of our improveahle reason, and 
«;re in no degree connected with the existence of the mere 
animal life of ilie human spocies. 

We rnav iii*w direct our utTention to the sources of some 
errors totvhieh the eye, as an cs#mpl^of the senses, is sub- 
* ject; firs^. of all briefly aflufling to two or three^pcircum- 
. stances, which would have produced important errors, and 
■ have deAi^ed human vision, had not the Creator provided 
\ ijieans by ujliich they arc corrected. 

It is well known, that the image of an object is painted 

I on thc^rltiim, and that in an inverted position. But still 
M e see, or think that m^c sec, every thing in an erect attitude, 
p'his^ias been denied by some authors, who imagine thal m c 

c 2 
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X)erceive all thinjrs inverted, and that the sense of touch cor- 
reels the error of sif^lit. In proof of this, it is stated, that if 
a stick with a f^ilded knob be presented to an infant, it will 
stretch its hand towards the opposite end. Bnt this is nor 
true ; and tlmt objects are perceived in their upright position 
is evident, from the fact that in alj-cascs where persons born 
blind have received sight, objects have been' seen in their 
right ]iositJon, although there has heen an i/idistinctness of 
vision. This was the case with (^Jheselden’s ])atient, and in 
numerous other more recent instances. #i 

It must., then, be admitted, that we perceive objects 
aright, though the image is inverted when painted on the 
retina. There is some effect jwoduced between the retina 
and the Imiin, by which the error of vision is corrected ; 
and in this cireumstancc we have a still farther demon-' 
stration of the perfect adaptation of the organ to our con- 
veiiieiicc. But as we have two eyes, and eonsecpiently 
two images are formed — one on the retina of each eye, it 
may be asked, why do we not perceive all things double ? 
Sir 'Isaac Newton thought t&at the single virion was attri- 
butable to the iinion^bf tlvv optic nerves before 1 ley reach 
the brajn; but cases have bcciirred in which fethere has 
been no such union, and yet the objects have been perceived 
singly. Tt is now usually explained as the resttlt'of mere 
habit. It may be asked, upon the same jirinciple, why w'l, 
having ten fingers, do not receive the impression of ten ob- 
jects instead of one. When we look u])on an obje<rt,,we Jire 
led by exj>erience to direct the eyes upon it in such a posi- 
tion, as to bring its images upon those parts of the retina 



THE PUNCTEM MXUM. 


21 


i\liere most distinct vision is produced. Rut, while looking: 
stedfastly on any body, press one of the eyes upwards or 
downwards, so as to throw the image on some other j)art of 
The retina, wd a double vision is immediately i)roduccd. 
The influence of habit in causing us to rightly direct our 
eyes upon an object, is siV^icient to account for single vision ; 
but, in addition to this, we might mention the nervous syin- 
jiathy which ^probably exists between the two eyes. Dr. 
Wollaston is of ojiinion, thalP a semi-decussation of the 
iie#'es1takcs place u])on their quitting the brain, half of the 
nerve going to cacli eye? the right half of each retina 
4)cing formed by one ncn^c, the left half by the other. By 
this means a powerful sympathy is established between the 
nerves, which, independent of habit, would be sufficient to 
produce single vision. Rut whether we imagine the effect 
*to be produced by one of these causes, or by both, it is 
most evidwit the Creator lias provided against the physical 
disadvantages which must have resulted from a different 
arrangement. 

There is another insUinc(^>f the same kind, in thc,iusen- 
sibHityfcf the punctum ca’cuET^ I’lic s])ot*at which the optic 
nerve eijters the eye, is ^‘aMcd the jmncluin caccym, and i?* 
totally insensible to liglit, which is siqiiiosed to be occasioned 
by tliAlBrve not being there divided into fiSres sufficiently 
, delicate be acted upon by the luminous rays. There is, 
therefore a jioint in every scene of view, to which we are 
abstjjiltely blind ; when the right eye is used, that point is 
situated about 15^ to the right of the object at which we look 
dim^cily; when the left eye is used, about 15^ to the left. 
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This raay be proved by an intereslinpr exiierimcnt. Place 
two black w’afers on a white frrourid, alioiit three inches 
apart, and, standing at the distance of eleven or twelve 
inches, look at the right hand wafer with tliy left eye iii 
such a position, that an iinaginar}" line jrnning the \<afers, 
sliall be exactly parallel to a line which may be supposed to 

I 

join the eyes. If the right eye be now' closed, the left 
hand wafer wdll be invisible. 'Phe success this experi- 
ment de})ends upon the ima^ of the wafer falling ui)on the 
part of the retina where the optic nen^e comes in coiYfact 
with it. ' 

When W(! look with both eyes, the spot that is insensibk* 
to one eye W'ill be seen by the other ; ^bnt it w'lll only be half 
as distinct as if seen with both eyes. Two comparatively 
dark spots should, therefore, ai)pcar in (.'very scene ; but this 
error of virion is beautifully compensated for by a suscepti- 
bility, in this insensible base, to be ipfluenced by the light 
of the retina. It aj)propriates the light of the retina by ab- 
sorption, and thus conveys the s»*me impression of colour as 
the adjoining parts of that nerve. This error- of vision is 
therefore rendered nciiffal ; Hid the insensibility of. he base 
of the op'^ic nen^e would have Remained unknowmC' but for 
the experiment wc have just described. 

Every one has observed that certain luminous ap)[)earances 
are produced by pressing the eye-hall outward by aiforce^ 
applied between the eye and the nose. A sudden blow upon 
the eye, or even upon the head, will sometimes be sufli^ient to 
produce this jihosphoresccnt appearance. Sir David Brewster 
has been led, by experiments he has made, to the c6n- 
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t^usion, that when the retina is compressed in total dark- 
ness, it gives out light; when exjwsed to the light, and 
compressetf, its insensibility to light is increased ; and when 
(Wated, it is ijisensible to all luminous impressions. 

But^his ajipearancc may be jiroduccd by internal as well 
as external causes. If \Jjiring a state of indisposition the 
blood vessels*exert a ])ressure u[)on the retina, luminous 
aj)j)carances wjll be i)roduced, to which the fancy of the 
patient may give a variety of» distinct forms. The eye, 
un(]|;r all circumstances, when intently fixed upon any con- 
fused mass, is a])t to imagine that it resembles some shape 
^’ith which it is acquainted. Kvery one, ]'robably, has sat 
by the fire side in a winter’s evening, and intently fixing 
his eye upon the burning coals, has imagineil a variety of 
“figures to be represented by the various colourings of the 
lire. How often, too, have wc realized, remembered, or 
imagined scones in the ])assing clouds, or in their refiected 
images iij)on the bosom of some ])eaceful lake. And how 
much more, then, will ih\% faculty of creating form from 
confused mf«ses, be cxerciStd by the mind, when imder 
the“*inil^oncc of a deranged grgarization. To these two 
causes, verha])s, we (Siiefly attribute the ]j^rantasms • 
which haunt the couch of the patient, even when he is in 
the })erffeA possession of his reason ; the production of lumi-» 
^ons ^pjieafances by the pressure of tJie blood-vessels on the 
retina, and the facility with which the eye gives form to any 
confij^#! mass that may be presented to it. Nor will it now 
appear strange that the patient is not in any degree relieved 
from such delusions by closing his eyes. 
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Another illusion, which must have been frequently noticQcl 
by all who have paid any attention to the operation of the 
organs of sense, is the indistinctness of indirect vision. If 
tve fix the eye steadily upon any object, whilg the mind is 
intently engaged, it loses sight by fits of the objects, which 
surround it; that i.s, all those which are seen indirectly. 
Fix a round piece of wdiite paper on a colourefJ ground, and 
near it place a strip of white paper ; then fix Jlie eye steadily 
upon one, and the other wjll be lost sight of. The eye is, 
in fact, only able to see distinctly those objects on \vhyr!h it 
is directly fixed ; but this defect is in some degree compen- 
sated for by its extreme sensibility to colour. , 

I’his is, no doubt, under certain circumstances, the cause 

<> 

of many of those ajiparitions which arc so often declared to 
have been seen. In the broad glare of day, when objects' 
are fully illuminated, the slightest motion of the eye will 
restore any appearance seen obliquely, to its perfect form. 
Hut in an apartment where there is only a single "^gleam of 
indistinct light, or elsewhere at^the time of twilight, a verj ’ 
small^ amount of light is reflee .ed by bodies ; ,and in conse- 
quence of this, iildistinirt obl|<}ue vision is not easily hiorrtctcd 
by direct sight. c • ( 

Another illusion worthy of notice is, the capability of the 
. eye to retain d luminous impression after the objeo' kas been 
witlidrawn. According to the experiments of D’Arcet, 
a luminous impression is retained on the retina about the 
eighth part of a second after the body itself has V:een re- 
moved. The Thaumatrope, or wonder-turner, is constructed 
on this principle. It consists of a card, with different objects. 
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iff parts of an object, on oj)po8ite sides ; which arc so placed, 
that when a whirling motion is given to it, the parts appear 
to be nnitell. Tims, a portion of a scene may be jiainted on 
each side, and n hen the card is caused to revolve, the objects 
painted on the. reverse sides wdll be united, and a continuous 
landscape will be seen, \\diich results from the duration of 
the iinpressic^i upon the retina after the body has been re- 
moved. ^ 

In connection with this subj^t, we may mention the phe- 
m)n*cnrtn of ocular spectra, or accidental colours. If the 
eye has been stcdfastly fixttd upon a coloured light, and be 
^lieii moved to a white surfa£‘c, it will not convey the 
iin])ression of either the white or the coloured surface, hut 
one differing from both; and that colour, whatever it 
may he, is called the ocular spectrum. Thus, if we paint 
'an object red ui)on a white ground, and fix the eye steadily 
U])on it for, a few s('conds, a hlucish-green figure will be seen 
Avlien tile eye is turned upon a wdiite surface ; a bluish-green, 
therefore, is the accidental j^*olour of red. Different colours 
have diflere^JIP ocular spectitri : that of orauge is blue ; of 
vifflbt, fellow ; and of black, \Vhit 

Tlic It' w of accidental^coipurs is most remarkable. Tlie 
accidental colour of any ray of the siiectnim, is fi.iat \Yhich 
is dismi'4 from it one half of the spcctruilf. Thus, if wq 
lake lialf ^le length of the spectrum, by a ])air of compasses, 
and fix one leg of the coin])asses in the ray, the other leg will 
be in j^he accidental colour. 

We are frccpiently subject to illusions from this phe- 
nojjaenon, of wducli wc arc quite unconscious ; for, in every 
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instance in which the eye is intently fixed iij>on any coloure*'! 
surface, the accidental colour is produced when it is removed. 
If the objects be highly illuminated, and the eye be fixed upon 
them for any length of time, the spectra will be ip some degr^ife 
])ermanent, and may become dangerous to vision. Sir Isaac 
Newton’s experiments arc a])plicable to this ])oint ; but as 
tliey are generally known, and are detailed in Sif- David Brew- 
ster’s Natural Magic, it will only be necessary to recal them 
to the memory of the reader. After examining a reflected 
image of the sun several times, the spectra bccameT soe^ier- 
manent, that a j)icturc of the sun was ajiparently ])ainted on 
every bright object at which he looked. So severely was hi 
vision aficctcd by the cxjicriraent, that he found it necessary 
to shut himself in a dark chamber for three days, before he 
could recover the use of his eyes : and, when writing to 
Locke on the subject, many years after, he says, I am a])t 
to think, if I durst venture my eye, I could stiM make the 
phantasm return, liy the ]iowcr of my fancy.” 

In all tlie cases we have inei|ti()ncd, the eye deceives us 
without being at all influenced^oy an indisposhion of body, 
though the dece])7lon w/dl so^tlimcs be increased b^ a par- 
ticular state of ill health. Srcclral appaiitions, whether 
occasional or permanent, are chiefly, if not entirely, pro- 
duced by a m6Vbid state of action in some of the Vlt£ func- 
tions, which has a direct, though unaccountable, influence 
upon the imagination, llie real cause of this phenomenon 
is the recalling of images which have been before fainted 
on the retina, by the united action of memory and imagina- 
tion. 
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will hardly be necessary to mention instances of s])ec- 
tral apiiearanccs, for but few ]>ersons are unacquainted with 
the works of Jlibbert and of Scott. One of the most inter- 
csting cases tjiat we remember, is that mentioned by Sir 
\Valt(’i> as having ])assed under the notice of one of his 
medical friends. A gentkman standing high in the legal 
profession, had been many years aHlicted by an afqiarition, 
which had con^.antly attended him, and })roduced a state of 
irritation that had brought him into a weak and debilitated 
comHiliofl of body. In this stage of the disease Sir Walter’s 
friend was called in for advice, and, after some time, extorted 
a« confession of the source of all the debility and dejection 
under which the patient^ was labouring. When the ap])ari- 
tion first jireseiited itself to him, it was in the form of a cat, 
and was not a source of much annoyance ; but, after a few 
months, the cat left him, and a gentleman usher suddenly 
made his appearance, who, in his court dress, became his 
constant* attendant, botving him from place to ])lace, and 
waiting near him in his owij ajiartinents. In a few months 
this ])hantasiTk likewise disap]%ared, and was followed by one 
of fdft leV amusing chara(!tcr, — By th:»4 form* which a healthy 
imagination can hardly imin^ with steadiness — a skeleton 1 
Conscious of the unreality of the appearance, he endeavoured 
to divesf Ws imagination of the idiantasm ; blit the gloomy , 
^pparijioh ^cver left him, alone or in company, and he died 
from the depression of spirit aud debilitation of body which 
it occ^s^oned. 

These are a few of the instances in which the eye itself 
dfccgves; nor arc the other senses, in proportion to the 
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number of sensations conveyed by them, more worthy of our 
entire dejiendence. Do we not, then, live in a vain show ? 
and is it not necessary that some effort should be made, 
by which we may be able to correct the erro;:s to which tve 
are exposed on every hand ? Rut man is not satisfied with 
being deceived through and by lus sensations, but in ever}* 
age of the world has sought, so to apjdy thfi knowledge he 
has acquired, as to deceive others. 

There can be little doubt that the mysteries of the oracles 
among the (Ireeks and Homans were philoso]>hical ipiijos- 
tures. At the cave of Troph(Xiius, and the oracle of Del- 
phos, these practices were jirobably conducted with mo"e 
skill than at any other ])laocs. The man who is unac- 
quainted with the facilities of deception in the hands of the 
philosopher, can hardly divine the methods by which the 
wonders of the temple were accomjdished. To such an 
individual, the records of the jdiilosophical historians of the 
period must be enigmas. It is difficult to imagine that 
Plutarch, and Herodotus, and ^^liny, and Caesar, and Tacitus, 
were deceived as to the sceTiCS which traivspircd in the 
sacred houses of the preeks and Homans ; and Ufte abmit, 
for one moment, the veracity rof ' the historians, he will be 
tempted to account for the appearance presented to the wor- 
, shipper in tRb Grecian and Homan temples, us^a direct 
interference of demoniacal influence. PhilosppUy^, when 
misapplied, is as capable of deceiving mankind, as it is 
suited to its improvement when directed by a sjiirik^pf phi- 
lanthrojjy and universal freedom. What a mighty engine 
is at present in the power of the natural philosopher, wen* 
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1 willing to use liis knowledge for the deception of man- 
kind. As the wave increases in extent as it ai)proaclies the 
shore, so a knowledge of the causes of natural philosophy 
iiTcreasos the,]iower of the possessor over the community, 
ill jwoj'portion to the sludlowncss of its intellect. Ihit hap- 
])ily for us, the days of icjylatrous and misdirected Christian 
zeal have ])ass*ed ; and the great aim of those who have ac- 
quired a knowledge of nature, is, to inform the ignorant, 
and improve their species. A gpneral knowledge of nature 
is 11 ^ longer confined to the cloister and the palace, hut is 
]josi lively within the power of every man, whatever be his 
flation in society. In the present day it would be almost 
ini])()ssiblc to deceive the most vulgar audience, for few art* 
‘>*0 ignorant as to be unacquainted with the methods of 
iin])osture that may be jmictised upon them. Yet it may 
not he unimportant to briefly notice some of the deceptions 
to which uKi are subject by the ai)plicatioii of ])hiloso})hical 
^ j)riiicipfcs. 

The deceptions which rajglit be practised by the philoso- 
pher are so numerous, that 1^;e relation of them would involve 
cvm^ branch of natural philo8oph^\ We must therefore, 
confine our attention t^ tl»e explanation of a few optical^ 
cxporimenls, some of which have been used in our own 
count^%*with the intention of deceiving, *and others arv 
still used for the. purpose of amusement. 

A concave mirror is one of the most simple instniments 
of ijjyposture, and has, probably, been used, both in the 
oracles of the ancients, and in the necromancy of the mo- 
derns. The property of a concave mirror is to converge the 
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rays of light : and, therefore, an object placed before the 
mirror would be reflected by it to any point that may be 
required, lliat the experiment may be i)rescnlcd in its 
most interesting fonn, the image should be, thrown on* a 
dense body of vapour, and the mirror itself should he care- 
fully concealed. But an image reflected by a concave 
mirror is always inverted, and it is consequently necessary 
that the object, whatever it may be, should l?e inverted, for 
by this means the image is T)rescnted upright. 

With a little mechanical contrivance, and by the un* of 
slides similar to those employed in the magic lantern, the 
])riests and necromancers of old might have performed all ih: 
experiments which wc perform by the magic lantern. AVe 
do not knowhow they managed their miirors, but there can 
be no doubt tli^’y used them, and for ages held mankind 
enslaved by the deceptions they employed. lamblicus in- 
forms us, that the ancients were accustomed to re]>resenl 
their gods by casting an image iii>on smoke, and ‘that the 
images of living objects were frequently used. The same 
was done by the magicians ifi the fifteenth »nd sixteenth 
centuries, and the dcgirriptfons which are left u^' of * the 
scenes and of the places, are caiflicient to convince us of 
this. 

^ This method of decejition may be very much im{>rdVed by 
the use of a correcting lens, of such a convexity, land placed 
at such a distance, as to enlarge as well as reverse the 
inverted image. v ^ 

Reflections from convex surfaces are not less interesting 
for the puqioses to which such contrivances are nowai)j)lr:^d, 
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l^>an the concave ; but they are less capable of being used 
as instruments of imposture. By the means of reflection 
from cylindrical and conical mirrors, we may correct dis- 
torted pictures, and produce, from unmeaning figures, forms 
of elegance and of beauty. 

lJut all these methods of imposture, which may be varied 
almost in an fjndless degree, have given way to the use of 
iho magic lantern. This instrument consists of a dark lan> 
tern, containing a lamp, and concave metallic mirror as a 
ivfl^’to!', to ])revcnt the loss of any of the rays. To this 
lantern is attached a tube, at the inner end of which is fixed 

jilaiio-convex lens, and at the exterior end a smaller con- 
vex lens : between these lenses there is an aperture for the 
adriiissiou of a slide, on which is painted the image of the 

• <d)jcct to be represented. 

• The light of the lamp, collected by the mirror, is thrown, 
whtMi the ^instnmient is in action, upon the plano-convex 
lens, ^riul•h concentrates it, and thus the slide is illuminated 
by an intense light. Thereon vex, or outer lens, magnifies 
the ob ject, ^ind a distinci- and enlarged image may he 
thftnvA on a wall or transjfeirent^ screcii. But as these 
images are always inveitec^ it is necessary to j)u^the slides^ 
into the ajicrture in an inverted position. 

Tint magic lantern has been very much ftnproved by th? 

^ use of‘ slides which are painted with an opaque colour, 
excej»t the mere figure; so that the image is thrown on a 
hlack^ground, and that only is luminous, wiiich makes the 
deception far more perfect than wlien it was surrounded by 
a l>road rim of light, as was tlie case with the transparent 
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slides. By using these we may throw a figure upon a dei^e 
body of smoke; and if the figure be made to move, by 
sliding glasses, and the lantern be placed in a room ad- 
joining that in which the image is thrown, ^ the deception 
could scarcely be detected. « 

It is surely Impossible to consider all these sources of 
deception without feeling the irai)ortance of an accpiaint- 
ance with those jirinciples which enable u§ to detect tlic 
cheat, and in some measure to provide against the errors 
which woiild otherwise mislead. Many of the fadis jpen- 
tioiied in the previous pages will necessarily come under 
considei'ation in other parts of this work, and they have 
therefore been here as lightly spoken of as was consistent 
with our object. The argument is calculated to ])roin()te 
inquiry, and if our attempt to illustrate it should lead the " 
reader to an investigation of natural ])hcnomena, he will soon 
be repaid for the trouble of iierusiiig tliis essay. , 




CHAPTER I. 

•* # 

MECHANICS. 


SPACE. 

All matter is said to exist in 8])acc. Although it ,is exceed- 
ing difficult to define the word space, we may, by a few 
remarks, obtain a fixed and comprehensive idea. We have 
all an idea of length ; thus when we say that a body is a 

D 
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foot distant from another body, and that a place is a fjile 
distant in a direct line from another place, we at once per- 
ceive, by comparison, their relative positions. We may also 
have an idea of distances which we are unable to measu^. 
Thus we determine the distance of a star that is situated at 

I 

the extreme jioint at which matter acts upon our senses, yet 
we may imagine another star as far beyond that as it is be- 
yond the spot on which we are obaer\dng it. In fact, taking 

r 

any linear distance as a standard, it may be doubled, trebled, 
or multiplied to any extent. In the same manner tWe have 
a conception of surface, as the superficies of a table or a 
room, and we may imagine a su}:erficies much larger than 
any with which we are acquainted. We may also have a 
notion of volume. I'he solid contents of a ball, a moun- 
tain, or a world may be calculated. But imagine either of' 
these bodies to be hollow, and the interior to be a vacuum*' 
it is evident that it is capable of recei%ang any substance, 
though it is absolute vacuity. Now^lnstead of confining the 
mind to a conception of the volume of a ball or a world," 
imagine the volume of the unjverse, or so much of it as is 
kno^n, and multiply that in finitely, and such is sp^ CE-r-in- 
definite as to our conceptiods, — an infinite vacuity, nothing, , 
yet capaile of containing all tilings. 

TIME. 

The idea of time is entirely dependent on the perception of 
succession. It is a mental perception of the succession qf 
one thought after another. If we imagine all material objects 
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tO|t)e at rest, the idea of succession, and consequently of 
time, is still present to the mind ; for we are conscious, even 
when shut out from all exterior objects, that one thought 
follows anothqf. But if we are removed from this state of 
iiulividijality, and placed in a situation where we are sur- 
rcmnded by moving material objects, such as the flowing sea^ 
the rising and Setting sun, and the planetary bodies, we shall 
obtain a notioi; of the division of time ; but still the idea of 
time is not in any degree more distinct, for we only obtain 
it from a^diflerent source : in one instance the idea is gained 
from a succession of thought; in the other from a succession 
of material objects. 

Strictly speaking, time is indivisible. It is a constant suc- 
cession ; yet, by the jicrceptible intervals between the occur- 
fence of an event, it may be measured. For the measure- 
ihent of time there must be some standard, and that standard 
must be an ;ij)pearancc recurring at constant and equal in- 
tervals. • The tides, for instance, w^ould furnish us with a 
standard, did they rise and f^l in equal i)eriodB. But this is 
not the case ; j.nd there is mf^^phenomenon on the surfage of 
the tarlJ that is presented with a ifgulartty sufficient to 
> warrant its use as a standai'd #f measurement. All ^le phe- 
nomena we observe on the earth’s surface are influenced hy 
so manyidisturbing causes, that their velocitf, and periods 
of recurrence, are continually changing. If we were com- 
pelled to select standards from terrestrial appearances, we 
ehould^find a tolerable, and perhaps the best, approximation, 
m the periodical changes of vegetables. 

Bjing thus deprived of the hope of finding a standard for 

i>2 
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the measurement of time in any terrestrial phenomenon,' wc 

must seek for it in the motion of the. heavenly bodies. It is 

a singular fact, that in every age of the world men have been 

apparently aware of the inexpediency of expecting it in any 

other s})hcre of material phenomena. But, although we find 

the most correct standard by which to measure the lapse of 

time, in the motions of the heavenly bodi^, these do not 

furnish us with a very obvious method of measurement. 

ITie vicissitudes of day and night might give a nide division, 

and the heliacal rising and setting of peculiar starsT— that is, 

their rising and setting with the sun — at different periods 

of the year, afford a more exter»ded measure of duratipT^. 

But the length of the day is constantly changing ; and in the 

course of years, the star that once declared the commence* 

ment of a certain period or season, ceases to be its messen^ 

ger. ITie ancient Egyptians waited the overflow of the NiU, 

when Sirius, the dog-star, rose with the sun, but Sirius has 

for many ages ceased to precede that event ; and Aldebaraii 

1 

once rose heliacally on the first of May, but has long since 
failed to attend the month of Ihlarity and of flowers. 

llie motion of the ,#*arth *bn its axis is, howevci^an event 
of sufficient regularity to be cnpl^yed as a standard measure- j 
ment of time. If we take any other planetary motion, it h 
equally certiiin and uniform, but is rendered, by tl 3 motion 
of the earth in its orbit, so a 2 )parently irregular, that we can- 
not, without long calculation, determine its precise change* 
of position. But the time occupied by the earth in a revolu- 
tion on its axis from west to east never varies; and therefore' 
the apparent motion of the stars from east to west may 
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appropriately adopted as a standard by which to compute the 
lapse of time, llie time which inten^enes between the period 
when a star is seen on the meridian, and that in which it 
returns to th^ same point, is, by the universal consent of 
astronomers, called a sidereal day, and has been divided into 
twenty-four equal parts, called sidereal hours. 

The motion hf the earth on its axis also gives to the sun 
an apparent dajly motion from east to west ; and there are 
many ])ractical reasons why the spn should be chosen as our 
8tan(l^(f of measurement, in preference to the stars, although 
the dirisions may not be so accurate. If we observe the sun 
•when on the meridian, that is, at noon, it is seen to descend 
gradually, and pass over the western horizon to rise in the 
east, and return again to the meridian. I’he period occupied 
m j)crforming this revolution is called a solar day. But a 
solar day is of longer duration than the sidereal ; for although 
the sun and. a star may be on the meridian at the same time 
to-day, file star will arrive there to-morrow a few moments 
before the sun. lliis is oc(jisioned by the apparent yearly 
motion^of tte sun in the %cli]»tic, produced by the^ real 
annhal iMotion of the earth. ]^ow ^hen we measure, day 
after day, the intervals belwfien the successive arrivj^s of the 
sun on the meridian, we discover that the period is variable; 
sometiiflc# it is more than twenty-four sidcAal hours and . 
sometimes jess, lliere is, therefore, not only a difference 
between the sidereal and the solar day, but also a variation 
in the^length of the latter, from which cause we are com- 
pelled to take a mean of the whole, and this is called a mean 
solar day ; one twenty-fourth part of which is a mean solar 
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hour. This division has been adopted as the civil stancisird 
of time. 

The standard for the larger division of time, a year, has 
also been selected from the motion of the earfh. In conse- 
quence of the real revolution of the earth roimd the sun, as 
the centre of the system, the sun has an apparent annual re- 
volution in the ecliptic. This motion is not -so uniform as 
that by which the length of the day is determined, and a 
somewhat artificial arrangement has been adopted to correct 
the apparent irregularity. 

These remarks will, it is hoped, assist the reader in forming 
an accurate conception of what time is, and of the means bi? 
which it is measured. The slightest reflection upon the con- 
dition of man as a social being, will show the necessity for a 
division of time, and the benefit conferred on society by as- 
tronomy, in providing the means. What would be the state' 
of our large towns and cities, and how could their business 
be conducted, if there were no means of dividing time by a 
common standard? It is abso}utely necessary for the well- 
being of society ; and this has-been acknowledged in every 

age, and by men of all ranks in civilized states. 

' * 

Let it be imagined, that the^p standards of measurement 
were destroyed, by what means could time be divided, and 
how could engagements be regulated ? We migihh indeed 
be compelled to determine its lapse by the dripping of water, 
or by the burning of a candle ; or if we imagine watches and 
other mechanical contrivances to be known, by what m they 
to be regulated, and how can their rate of motion be deter- 
mined ? A discordance in our measurements must nece^sa- 
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rLliy result from such a condition ; all punctuality would be 
ultimately destroyed, and a spirit of carelessness and indif- 
ference would be introduced into the necessary engagements 
of life. It is important to the illiterate and the man of let- 
ters, tathe idler who vegetates in the circle of fashion, and 
to the man of varied and active employment. 

At some paSt period in the history of man, the accurate 
division of tinve may have apj)eared as absurd to the unedu- 
cated portion of the community ag many of the expectations of 
the Igarfted in the present or in recent times do to those who 
now listen with a vacant and contemptuous stare to the 
. yecords of scientific improvements. It is true, there must 
always have been the rude divisions of day and night, which 
may have been sufficient for the purjioses of an almost un- 
* educated people. But as soon as men began to congregate 
Vigether, to build cities, to surround themselves with their 
own works^ and to shut out the very sight of the great ruler 
of the day, some better dmsion of time was required ; and 
that astronomy, aided by a^, has accomplished. 


• M4TTER. 

If w# hfive an idea of space, there will belittle difficulty, 
in connectyig with it an idea of the existence of matter. We 
have supposed space to be an idea of infinite extension or 
volui^e ; but let any portion of space have impenetrability, 
and such is matter. By impenetrability, is meant the pro- 
perty of occupying any part of space to the exclusion of the 
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same f)TopeTty. If a substance could be destitute of imf>e- 
netrability, then any other substance might pass through it 
without displacing any of its particles. We should not there- 
fore give a very erroneous idea of matter, if were to say 
that matter is im]jenetrability. 'fhere are many apparent 
contradictions to this statement ; one of which may be men- 
tioned, as it is likely to strike the mind of the student. It 
is well known to chemists, that there are some substances, 
which, when chemically united, have a less volume than the 
sum of the two. This is the case with alcohol an'd water. 

If we take a Florence flask, or long glass tube, and after 
filling it with water pour off a certain measure of that liquid; 
and add an equal measure of alcohol, the volume of fluid 
contained in the vessel will be considerably less than in tlie 
first instance. This does not arise from the penetrability of ' 
the substances, but is the consequence of the formation of 
what may be called a new substance, whose molecules ap- 
proach nearer to each other than the molecules of either of 
the liquids which compose it. 'J^t this explanation is accu- 
rate will be the more certain ftbm the fact, tliat there are 
other substances'whicl;, when united, produce a compound 
of greater volume than might expected from their sepa- 
rate bulks. 

We are ma&e acquainted with, or become coi^dous of, 
the existence of matter through the medium of (9uf serses. « 
By the sight and touch we judge of size and figure ; and 
sometimes we are able to form tolerably accurate notic^ns by 
the ear. The eye is the most excursive organ ; for, by its aid, 
size and figure may be determined at a distance : but the 
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totcli is often very acnte^ and particularly so in those indi- 
^idiials who have lost the organ of sight. ITie sensation of 
feeling or touch is diffused over the whole of the animal 
body, hut fceUng is more acute on the exterior than on the 
interioft surface. Hie hand is the true organ of touch; and 
hy that only men are generally able to determine, with accu- 
racy, magnitude and figure. 

** Matter,” says Sir Isaac Newton, “ seems to consist of 
hard, im])enctrahle, and indmsil))c atoms. These atoms are 
supjjfjsefl to be entirely free of each other ; and they are also 
in themselves indivisible and indestructible, though they 
.•nay easily be separated from their combinations by chemical 
processes.” But matter is never presented to our exami- 
nation in its ultimate form, for it is always 8uscej)tible of 
"division. It must, however, he at the same time remem- 
bered, that the idea of greatness or smallness has nothing to 
do with ouv idea of an atom ; for we may imagine one as 
krge as^ mountmn, or one imperceptible to the senses : we 
may also imagine it to l^p round, square, or any other 
8ha])e. . 

It may he ])roved, by geometiy, tl^jit any extension is ca- 
pable of division; and it^is firoved with more certainty, by 
many exi)eriinents in chemistry, that matter consists of atoms 
which ^eiin themselves perfect, and yet incflpable of divi- • 
sion. So\n«^ philosophers have maintained one opinion, some 
the opj)osite ; but all must admit, that we are greatly igno- 
nmt qf the ultimate constitution of matter: for although 
some facts in relation to it may be gathered from the pheno- 
niepa observed in scientific inquiries, yet the subject is he- 
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yond the research of the human mind; and it is easiertto 
determine what is not the ultimate condition of matter^ than 
to prove wliat is. 


DIVISIBILITY OP MATTER. 

It is exceedingly curious to trace the extreme divisibility 
of which matter is suscejitible in the arts^ and the minute 
forms under which animat'^d being is frequently presented 
to our view. It may be proved, as already stated,” by geo- 
metry, that matter is divisible without end ; but the recent 
researches in chemistry make it probable, that all substance^' 
are composed of indivisible atoms. It is not our intention to 
enter upon the abstract inquiiy^ in which an investigation of 
the evidence in favour of these opinions would involve us,' 
but simply to bring before the reader a few instances of the 
extreme divisibility of which matter is susceptible by artifi- 
cial means, and of the minute forms in which it does exist 

<» 

and possess the principle of life^. 

The metallic mirrors used fti reflecting tetesc^'pp, when 
they come from *the hqnd o^ the workman, appear 'perfectly 
smooth fiurfaces to the naked e^^e ;s,but when examined with 
a strong magnifier, seem to be covered with deep indenta- 
tions and cori^sponding projections. Nor is thifr sLagular ; 
for when metallic surfaces are polished, their greater enu-, 
nences only are worn down, and they must still remain com- 
paratively rough ; for the powder, whether tripoli, pqjty, or 
sand, can do nothing more than scratch the surface in every 
direction. 
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4f we take a piece of glass tube, and, holding each end, 

bring the centre into the flame of a sjiirit-lamp, and raise it 

* 

to a white heat, we may draw it out to so great a degree of 
fineness that it shall scarcely be visible to the unassisted 
eye ; yet that fine thread of glass is a tulie, and mercury may 
he made to pass through i^ ^ 

'Die oxide df silver is employed to stain glass of a yelbw 
colour. One ounce of silver will stain four hundred square 
feet; and when the efiect has been produced, a chemical 
meanj ii^ em})loyed to recover the silver that has not been 
united with the glass, and the manufacturer succeeds in get- 
<^ing back so much that there is no |)erceptible loss of weight; 
from which it will appear* that the dmsibility of the matter 
is such, that four hundred square feet of glass are stained 
*by a quantity of silver which we have no means of weigh- 
ing. 

'fhe extrejme divisibility of matter is still more strongly 
exemjilifled by the great sensibility of the organ of smelling. 
If the cork of a vessel containing hydro-sulphuret of am- 
monia removed for a few fiioments, the fetid smell of, this 
substance is immediately conv^ed everjr individual in a 
large apartment. If a piec% of camphor be subjefted to a 
small increase of temperature, its well-known odour will be 
Boon drterted, though the most accurate balSnce would fail ' 
, to give evidence of any decrease of weight in the mass. With 
many other substances the same experiment may be tried 
with e^ual success ; and in each we have a demonstrative 
proof of the extreme divisibility of the matter which pervades 
ovejy portion of the atmosphere, and yet in so minute a con- 
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dition that no artificial means we possess could detect Its 
presence. 

But if we leave the inanimate for the animated being, we 
shall observe still more striking dis})lays of the minuteness 
of matter, inasmuch as it is connected with all the capabi- 
lities of receiving and of obtaining pleasures suited to its 
condition. The recent im]>rovements which Have been made 
in the construction of the microscope, and in*»the application 
of a powerful light, have o;;jencd to examination the condi- 
tions and habits of the inhabitants of a new world, ?vhose 
very minuteness, and the «)bscurity that has so long over- 
shadowed them, give an interest to our inquiries. AniiPnl.i> 
whose existence could not have been discovered without the 
use of artificial aids, are found to possess an internal organi- 
zation ; and in many instances the ramifications of their air* 
vessels and ner\wi8 systems have been traced. As these 
minute animals have a sj'stcm for the support of life, they 
must also be provided with food, which supposes the exist- 
ence of matter smaller than lhe> iselves. In this way we may 
trace the divisibility of matter,* until the mind is tij^ed with 
the hope of disedvering the pltimatc minuteness. A descrip- 
tion of 4*06 or two of the animalcalse will best illustrate the ' 
subject. 

The Inrvsi d a small species of dytiscus, so calKjd'because 
all the animals belonging to the genus are observed to dive*, 
or plunge when apjiroached, is an interesting object for the 
microscope. Mr. Pritchard has given an account of tf ic ani- 
mal and its habits, from which we have selected the foDow- 
ing facts: — During the spring and summer months, .the 
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from which these larva? are produced may be found 
adhering to aquatic jdants and conferva? gro\idng near the 
surface of the water. If a few of these e^rgs be dejiositcd in 
a*,ves«cl of water, and exposed to the sun, in favourable 
wcathejr they will be hatched in a few days. When the 
young first make their appearance, they are of a dark colour, 
and remarka])ly active ; wlien a few days ohl, they shed their 
skin ; and during this operation, which occupies some time* 
llu y tire almost colourless, es])ccially about the head, all 
their activity forsakes them, and they abstain from food. 
'J'lic Sisposition of these carnivorous larva? is fierce and cruel ; 
^they arc armed with a ])air of bent forceps or mandibles, and 
with these weapons they seize their prey, and devour it gra- 
dual!)'. If the victim be the lar\^a of a gnat or other soft 
•aniiiuil, they turn it round, and thus bring a fresh portion 
•ivithin their grasi), alternately opening and closing each 
mandible till the whole is consumed except the skin. When 
these animids are unhide to obtain other food, they feed 
upon one another, so that the most fierce and sanguinary 
contests may frequently be witnessed between them. 

The\'heel animalcultT, or vfirticella rotatoria, to be met 
'vith in vegetable infusy^n^ is an exceedingly irderesting 
animal for investigation with a microscope, and is admirably 
ada])te|| ^ prove that the smallest development of matter^ 
may be •endowed with life. It is usually abundant in the 
stagnant waters of farm-yards, and arrives at perfection in 
the in^mtlis of June, July, and August. The largest speci- 
mens are about the thirtieth of an inch in length; but those 
usually met with are not more tlian half that size, and can 

1 
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only be discovered by the use of a magnifier. It is mtst 
remarkable for the possession of curious rotary organs^ by 
which the animal is able to produce a current 'towards the 
opening between its wheels, and thus to bring food to its 
mouth, which is situated below the neck at the con:\paence- 
ment of the body. It feeds on small animalcnlae and vege- 
table matter. « 

No part of the animal kingdom can more excite our 
thoughtful admiration than that class which includes the 
creatures invisible to the unassisted eye. By the aid of the 
microscope, we not only discover that matter is capable of a 
divisibility greater than we could hav^e imagined, but that, 
this matter may be in possession of \ntal powers, and en- 
dowed with freedom of motion, a capability of choosing a 
location, and of selecting food. Nor does our surprise end* 
here; for when we increase the j)ower of our magnifying 
glasses, we discover that many of these invisible animals are 
carnivorous, and feed on creatures stnaller than themselves, 
which in their turn possess the same habits. In this way’ 
we may trace the divisibility of matter as far as art can aid 
us, and we then /eel we ma^ strive in vain to find any limit 
of minuteness to the works oi tj^e .^^Imighty Creator. 

PROPERTIES OP MATTER. 

Matter is presented to our notice under diflTerent condi- 
tions, and according to its circumstances becomes possessed 
of essentially new properties. Bodies are either solid, liq^uid 
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or|fteriform; but most substances may be forced to take 
eitlier of these several states. Tlie most remarkable proper- 
ties of matter are porosity, compressibility, elasticity, and ex- 
l>^sibility : they are possessed by bodies in different pro- 
])ortions. 

Porosity , — ^The molecules or constituent particles of all 
Ixxlics arc sep^ated by the influence they exert upon one 
another, and the spaces between the particles are called 
lK)rcs. lliere is reason to believe that no two particles are 
ill actual^contact. All bodies are porous, though some in a 
much^eater degree than others, llie substances that are 

most dense — tlial is, those which have the greatest possible 

« 

quantity of matter in a given space — are not destitute of this 
jiroperty. 8})onge is an Example of extreme porosity. Vege- 
table substances are also extremely porous, as may be easily 
proved ; for if a wooden cup fiUed with mercury be fitted to 
the receiver of an air pump, and the receiver be exhausted, 
the raercyryVill pass through the interstices or pores of the 
Wood. 

'fhe density or specific graipty of bodies is generally de- 
creased the porosity is inerdhsed ; for ip pro|K)rtion as 
their particles are driven a^^fftm each other, the^weight 
of any volume of those bodies must diminish. Tlie density 
of bodies is supposed to be regulated by the^orms of their 
ultimate particles, as the number that may be packed in a 

*9 

given space will evidently depend on their shape. “ For 
examine,” says Professor Millington, “ if it be supposed that 
a million particles of gold are contmned in a cubic inch of 
tliat metal, five hundred thousand particles of iron might 
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also be capable of occupying that same space, or one hundred 
thousand particles of wood. In the iron and Trood there 
must therefore be more pores or interstices thaii in the gold, 
and of course the gold will be the hea\Hicst or most dense. 
ITiis increased density and weight does not then arise from 
the individual! particles of gold being heavier than those of 
wood, but from a greater number of them b'dng forced into 
the same space, — for the original particles of matter are all 
presumed to be of the same weight; and thus gold, which 
is one of the hea^st solids, will, when dissolved, remain 
8US])ended in ether, which is one of the lightest liquids.” 

Compressibility . — All bodies which can be diminished in 
volume, without a diminution of mass, are said to possess 
the property of compressibility. 1 he compression of bodies 
is evidently caused by a susceptibility, in the constitueri 
particles, of being brought closer together. This may, it is 
true, be done by a diTniimtion of temjierature ; but a body 
can only be said to possess this property when it can be com- 
pressed by meclianical means, and no body can be compres^- 
sible unless it be porous. ^ 

Heat is ofteii given out during compression, a piece of 
iron as^ large as the little nni^er^will become red hot when ^ 
struck a few times with a hammer, \fter compression luu^ 
been effected, and the iron lias cooled, it will noUie possible 
to produce the heat again unless the iron be previously 
softened. The comj>ressibiiity of water has been proved by* 
Mr. Perkins ; and atmospheric air may be so much reduced 
in bulk by the use of a common syringe, if properly ma- 
naged, as to give out sufficient heat to kindle tinder. AH 
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s>4)^tances are capable of compression, but the degree de- 
pends upon the ultimate constitution of the body. 

Elasticity is that principle which enables a body to re- 
aifpme, after a force has been exerted upon it, the form it pos- 
sessed previous to compression. When air, for instance, is 
comjiressed into a smaller volume than its temperature and 
the pressure o£ the sujMir&icumbent atmosphere would conf- 
pel it to take, it regains by its elasticity its previous volume 
as soon as the condensing force is removed ; and the power 
it exerts^to do this is in exact proportion to the force with 
wliicHT it is compressed. Atmospheric air possesses elasti- 
^city in a remarkable degree. If air had not this property, 
there would be no force to counteract the elfect of the pres- 
sure which the lower litrata of the atmosphere sulier in 
•bearing the weight of those above them. From these facts 
4t may easily be deduced, that every elastic body is capable 
of compression, though it is quite possible that a body may 
be compressible, and ilDt elastic ; and under the latter con- 
*^dition it must remain in that shape into which it is forced, 
or take the permanent impr^sion of tlie body by which it is 
acted upon. 

We sometimes speak of the^lasticity of tension; that is, 
the force which is exerted by a string or wire in its elTort to 
regain jts former length and condition. If i|^ be twisted be- 
yond a certain point, it will take a permanent displacement ; 
but as there are always, when a wire or cord is bent, some 
atoms^which suffer compression and others extension, there 
must be some attempt to return to the former state. 

'rhe elasticity of a body is susceptible of important changes 

B 
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under particular circumstances. The elasticity of solids is 
generally decreased by heat; and this is more especially 
the case with the metals. Gold^ silver, platina, and copper, 
are rendered more elastic by hammering ; and the metallic 
alloys have generally more elasticity than the simple metals. 
The elasticity of fluids is increased by heat; and it is in 
consequence of tliis circmnstance that steam has been applied 
with so much success as a mechanical power. But although 
we are acquainted with many facts relating to the condi- 
tions of elasticity, we cannot determine the origin of this 
property : it is generally supposed to be the result ol a re- 
pulsive power diffused around the particles of the elastic 
body; but this is only an hypothesis, and pretends to no 
further accuracy than that it will “account for the pheno- 
menon. 

Expansibility is that property which enables bodies to 
increase their volumes when acted upon by adequate causes 
This property seems to be governed;^ in some instances, by 
the diffusion of that unknown principle called heat among 
the particles of the exjmnding body. ITius, if we take a 
bladder containing a small Volume of air, and ex])ose it to a 
fire, or to boiling water, thir inclosed air will expand, and 
fill the whole bladder. But dilatation is, in other instances, 
produced by the removal of pressure. If we again take a 
bladder in which a small volume of air is confined, and place 
it under the receiver of an air pump, the air inclosed in the 
bladder will begin to expand as that in the receiver is re^ 
moved, gradually increasing its volume. 

Ihe dilatability of the metals by heat, and their contrac- 
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tioff by cooling, has been applied in Paris to restore the walls 
of the Conservatory of Arts to their perpendicular position, 
which had •been destroyed by the weight of the roof. 

M. Malard, who superintended the work, placed parallel 

« 

bars of iron across the building, and passing them through 
the reclining walls fastened them with nuts : every alternate 
bar was then l^ated by Istdips, which caused the metal td 
expand, and the nuts were screwed close to the walls. Ihe 
bars were then permitted to cool, and the metal consequently 
contracted; and, being secured %y the nuts, drew up the 
reclining walls, llie intermediate bars were then acted upon 
in the same manner, and the building was at last brought to 
its ])erpendicular position. 


THE STATES OF MATTER. 

Mattes in* the constitution of bodies may exist in either a 
^olid, a liquid, or an aeriform state, 'fhe particular form 
it assumes will depend on Jiie relative cohesion or repul- 
sion of^ts constituent particles.® If the repulsive force be 
small in comparison to the cohesive, a solid will be the 
result: if the cohesive and repulsive forces be so balanced 
as to gjiv^ the particles a freedom of motiqp among each 
other, a liquid will be produced ; but if the repulsive force 
have the ascendency, then the body will assume the aeriform 
state. To determine the agent that produces the recession 
of the particles, and the manner of its activity, are the prin- 
cipal objects in every enquiry into the states of matter. 

E 2 
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\Vc sometimes speak of the natural state of a body/ i jut 
this term is very likely to be misunderstood. Tliere is a 
condition in which every substance is commonly found, but 
its particular state may always be considered as the result 'hf 
circumstances. As water may, under the influence of certain 
forces, be made to assume the condition of a solid or a vapour, 
ho all other substances, speaking* generally, ijiay take either 
of the three states. 

It was supposed by the ancients, and some modem writers 
have defended the ojiinion, that fluidity is the corvscqiiencc 
of a particular form of ultimate particles, which are irn^gined 
to be of a spherical form, hard, and with ])olished surfaces, 
'riie freedom of motion, which they have among each other, 
induced the supj)osition, that they* were hard with polished 
surfaces ; and the spherical form was chosen, because with 
this shape they would touch each other in the fewest 
possible points, while, at the same time, the sj)here has 
the greatest bulk under a given narface; and as friction 
is according to the surfaces; there woul<l be less resistance 
from this cause to their motion among each other. If we 
imagine a number of spheres to be moving upon a plane 
surface as upon a bcftird oi^ table, there will evidently be a ^ 
great freedom of motion; but il' we imagine one series 
of spheres to J)e mo^dng upon another, this cannot be the 
case, for the upper rows w'ould cAddently fall into the cavities 
of the lower. There is, therefore, a prcsun;i])tioh against the 
spherical form of the ultimate ])articles of fluids. But, how- 
ever, this may be, there must be some force to cause the par- 
ticles to recede from each other, and that cause is heat, h 
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will be our next object to explain the manner in which heat 
causes fluidity. 

,llcat is commonly known by its sensible effects, that 
is; the influence it possesses upon the animal body and 
the thmnometer. Heat may exist in bodies without giv- 
ing evidence of its prQ^^nce by any of these sensibb? 
eflects, and tfien it is called latent heat, or the caloric of 
fluidity. It is a common error among those who have 
not studied the physical sciences, that the thermometer 
detengriines the amount of heat contained in a body, but this 
supi)osition is not founded on fact, for although it does show 
the diflcrence of temperature between two bodies, it does not 
give the relative (piantitjes of heat they contain. The ther- 
mometer does that which the sense of feeling may do, though 
vnXh less accuracy ; it determines the degree of sensible heat, 
but gives no information relative to that which is latent, or 
in other words, that ^yhich is in effect combined with the 
particles of the body. If we take in one glass a pint of 
water, and in another fiv(^ pints from the same spring, 
they wiM affect the thermometgr equally, though they evi- 
dently cannot contain the quantity of caloric. From 
this experiment we may fiedflce, that the thermometer is not • 
a measurer of the quantity of caloric possessed by a body, 
for it fe Evident that five jwunds must possess more than* 
one. To* cx^flain the curious fact, that substances having the 
same temperature have not, necessarily, the same quantity 
of calfiric, we must suppose that caloric exists, in bodies, 
in two opposite conditions : in one it is in chemical combi- 
nation, and, losing its prominent characters, is called latent 
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heat; in the other it is uncombined or free, and has {he 
capacity of passing from one body to another; and, conse- 
quently, produces an effect upon the animal system, or up<?.n 
the thermometer, and is called sensible heat. 

It is latent heat that is the cause of fluidity, whether it be 
tjie fluidity of a liquid, or of an ,'\eriform body. An experi- 
ment will prove that heat is the real cause of liquidity. Take 
two connected vessels, and place ice in one, and water in the 
other; both being at the tfcmperature of 32 degrees. Then 
put a thermometer in each, and ex])ose them to the bfat of 
a mercurial bath, raised to the temperature of 212 degrees. 
The thermometer in the water will immediately begin to in-'’ 
dicate an increased temperature, apd will rise 140 degrees 
before the thermometer in the ice is at all affected. Both 
the vessels are exposed to and receive an equal quantity of 
heat ; we can, therefore, account for the difference of effect 
only, by 8up])osing that the 140 degrees which become sensi- 
ble in the %vater is applied for the liquefaction of the ice. It 
is evident then that a certain quAiitity of caloric must be re- 
ceived by a solid body, before it can take the liqui 1 state; 
but the heat that is thvs absorbed is not sensible either to 
the touch, or the thermometer, lorvhe thermometer remains 
stationary during the whole process of liquefaction. 

The statemeAts we have made in relation to the*A)fmation 
of liquids are equally applicable to elastic fluids, that is 
vapours as a class. If we subject water to the influence of 
heat, the temperature will continue to increase iratil it 
reaches the boiling point, or 212 degrees, and all the heat 
which is afterwards received will be employed in the forma- 
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iida of vapour, for how intense soever it may be, the water 
cannot under common pressure be raised to a higher temper- 
ature. It is/ therefore, e\ddent we think, that heat is the cause 
of. fluidity ; and from many facts we may learn that solids 
and fluids are but conditions of matter dependent on circum- 
stances. 


COHESION. 

Thertf is a force called cohesion, or molecular attraction, 
and by this the particles of all bodies, whether solid, liquid, or 
vaporous, are held together. Substances are composed, as we 
liave already stated, of j)orlions or particles which do not 
touch each other. If these particles were not held together 
by some attractive influence, they would fall asunder, and 
*tlie worlcf itself would be an unconnected mass. 

'fhe cohesive force has not the same intensity in all sub- 
stances.* In iron and some other bodies, it is very strong; 
but its sphere of attraction's small. On this account they 
are brittle and hard, not adnKtting of extension or stretching. 
In Indian rubber the cohesive force ig weak, but the sjibere 
of attraction is large, foi^ it easily suffers cxpansioi^ without 
being broken, and returns agsun to the same place. Between 
these ercti|?mes there are various degrees of^cohesive force.. 
Somebodies, lead and Indian rubber are instances, may be 
made to unite after fracture, and this is usually attributed to 
their kirge spheres of attraction. 

It is cohesion, then, that is the antagonist force to heat, 
as it tends to bring together that which heat separates, and 
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the State of a body must in a greater measure depend ujlon 
the intensities of these forces. 


REST AND MOTION. 


r **r 

Matter must be in one of two states, at rest or in motion. 
The idea of rest or motion is simple, and cannot be easily 
defined, although we may^ explain our conception of these 
conditions. 

The idea of matter, is, as we have already explained, almost 
a consequent upon the idea of s})ace, so the idea of rest or 
motion follows a concejition of the existence of separate 
masses of matter. 'Jlic idea of situation or place may be a 
purely mental operation. ITie mind may, without any refer- 
ence to organization, have the idea of motion or rest. A blind 
man, having a conception of space, might imagine himself as 
a centre, and from that would follow a ])lace higher and a 
place lower, one to the right, oqf to the left. When he has 
proceeded thus far, the idea of relative motion will^jfoUow^ 
for he will perceive thejt a body may remain in the same part 
of sj)ac^ or it may be moved one place to another. 
There is no absolute motion or rest, for any body in either 
. state, must be uo in reference to some other body.rlf^e say, 
that we arc in motion, we mean that we are changing our 
situation in relation to some objects around us. Two bodies 
remaining in the same part of space, whatever their d^tance 
from each other, are in a state of relative rest. If we imagine 
one of them to be changing its jiosition in space, then it is in 



HE8T AND M0:V10N. 


57 


|C< 

relative motion, or in other words, in motion relative to the 
other body. We can have no idea of a body in absolute 
niotion, for {o obtain tliis conception, wc must first possess 
anddea of our non-entity, and the non-existence of all sub- 
stances, except the one that wc are to conceive in motion. 

Tliat by which we are surrounded is relative and con- 
ditional, and iti fact all things are in a condition of relativS 
motion, though not perhaps perceptible to us ; and it is true 
that relative motion and rest may exist at the same moment. 
Those objects which apjiear to us most immoveable, the 
mountain, the ocean, and the lake, are whirling in space, with 
•. a velocity ten times greater than a cannon ball, but each is 
at the same time in a state of relative rest to the others. 

Let us su])poBC a man to be standing in a vessel that is 
* sailing, llie man is in relative rest to the vessel, but in rela- 
*tive motion to the shore, because that is the condition of the 
vessel in whicli he is jdaced. Hut let him be walking to the 
stern of the ves.sel, wifli the same velocity as the vessel is 
moving a head, and he wjll then be in relative rest to the 
shore,dn motion as relates the vessel. 

But in whatever state a body may be, is the result of 
some cause: there are cjjjise^, 8r, as they are terraedjjy philo- 
so])hers, forces, which keep a body at rest, or give it motion. ^ 

To exfiTTifine the nature and influence of fo^es is the great 

« 

object of {ihy&icB. 

This leads us to remark that matter, whether at rest or ih mo- 
tion, ris perfectly passive, being entirely governed by forces ; 
and this passiveness is called its inertia. If matter be in mo- 
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lion its State is the result of some force which is or has been 

impressed upon it, and it will for ever continue in motion 

unless some force brings it to rest; and when at rest it will 

remain in that state unless some force, greater than that 

which induces rest, set it in motion. 

'Ihe ancients had a very erroneous idea of inertia. They 

« . 

considered matter to have an attachment to lest, and com- 
pared it to an idle man. But it has no propensity for either 
rest or motion — it is entirely controlled by forces. When a 
body is set in motion up an inclined plane, it continues to 
roll upwards as long as the force which propelled it is greater 
than the force of gravity which tends to bring it downwards 
Now the matter itself is inert and passive. It is the same 
with our earth ; in some parts of her orbit she revolves with 
a much greater velocity than in other parts . but this increase 
of velocity is not fortuitous, for, by a knowledge of the 
forces which are acting upon it, we are able to calculate 
the increase or decrease of motion 'in any part oi its pe- 
riodical journey, ^ 

A body is at rest when in equilibrium : if a body sus- 
pended from any«iixed ^loint hy a thread that is able to sustsun 
its weight, it ynH be in equilifiri^m.^ It is acted upon by two 
forces, one which is represented by the tension of the thread, 
and the other, the force of graritation; and they,iriio«ing in 
opposite directions, keep the body at rest. ( ^ « 

Another condition of equilibrium is where the forces are 
destroyed by some resistance. The largest and h^iariest 
fishes can at pleasure keep themselves at rest in any part of 
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the l)ody of water in which they float, resisting the forces 
tliat act upon them. Every substance on the surface of 
tl\e earth, or above it, is attracted towards the centre by a 
foiVe called gravitation, of which we shall presently speak ; 
but its Tfifluencc is prevented by resistance, and relative rest 
is maintained. This cond^ion of equilibrium is, however, 
only a modification of that already spoken of, for the resist- 
ance is in fact a force. 

Sir Isaac Ne\\lon in his princij)ia has given the whole 
doctrine' of inertia uj)on which the circumstances of motion 
or rc.st mainly depend, in the three following propositions : — 

1. Every body must persevere in its state of rest, or of 
uniform motion in a straight line, unless it be compelled to 
change that state by forces impressed u})on it Motion is 
as naturally permanent as rest, and a body in motion would 
continue in motion for ever, if nothing disturbed its progress, 
llic two causes which tend, in an especial degree, to destroy 
motion arc friction and the resistance of air. How greatly 
friction retards motion is sc m in the objects which arc daily 
presented to our notice. It i.s f^r more difficult for horses to 
draw a carriage over a rough Jhan a Smooth road, be- 
cause a greater friction is^pr^duced. For the same Teason, a 
liall will roll a much shorter time on a carpet than on a 
sheet Af ite. ^ 

Two windmill vanes, one ha\dng its edge in the direction 
of its motion, and the other opposed to it, stoji at very 
dificreiit times, although the same force may he communi- 
cated to each. But if they are placed under the receiver of 
air pump, and the air be exhausted, they will go for a 
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much longer time, and will stop together, for the resisting 
force is removed. 

2. Every change of motion must be proportional to t]tie 
force which is impressed upon the moving body, and must 
be in the direction of that straight line in wliich the force is 
impressed. 

3. Action must always be equal and contrary to reaction ; 
or the actions of two bodies upon each other must be equal, 
and directed towards contrary sides. 

These ])rincij)les being remembered, the reader, 'hgwever 
unacquainted with mechanical science, will have no difficulty 
in follo^viiig us through our future enquiries. 

I 

RECTILINEAR MOTION. 

When a body receives the impulse of an instantaneous force 
it mo%'es, by virtue of its inertia; and it moves. in a rectili- 
near direction, governed altogether'^ by the force w'nich has 
been impressed upon it. It iqust then obey the first law 
of motion, and continue to move^'in the same straight /ine for 
ever, unless some other force interfere, and by its superior 
power compel a state of rest, 'fliei^c arc many reasons why 
bodies moving on surfaces are neither constant in their mo- 
tion, nor alwayr rectilinear. They arc opposed bji-tte force 
of gravity attracting them to the centre of the caith, by irre- 
gularities which are turning them from their direction, and 
by the deadening influence of friction. ^ 

But let us suppose a body having traversed a certain space 
to experience a new impulse in a different direction. It is 
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evilfent that its motion %vill change both as to direction and 
velocity, and the amount of change may be determined by 
knowing the direction and intensity of the force. 

‘ F'S- !• Let R (fig. 1.) be a body exposed 

to tivo forces, one in the direction RF 

\ and the other in the direction RS ; and 
eacb'*of the forces shall be rc])resented 
by the lines FR and SR. It is certain 

S! . .J: K that no twi) or more forces can impart 

more than one motion, and therefore when several forces 
are axHiiig in different directions u})on a body, its path 
must lie determined by the direction and intensity of the 
combined forces. That motion then which results from the 
action of a number of forces is called the resultant. I^et tie 
. complete the figure we have commenced, and draw FM 
equal and parallel to RS, and RM equal and parallel to 
RF ; the diagonal line RM will represent the direction and 
iiitensitv oi the force which gives motion to the ball R. 


"We may further illustrate the manner in which we find 
the resultant of two or more forces, or in other words find 
the direction and intensity of some one force, that will balance 
the effects of two or more foraies. 



Fijr. 2. /Qa 



Let P (fig. 2,) be a 'point to 

which three strings are attached, 

• 

and let each string pass over a 
grooved wheel. To the strings 
Pa and P6 attach weights ; and 
the point P will he drawn by two 
forces A and B in the directions 
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Pa, P&. Now what is the resultant of these two foides, 
or in other words, what single force would have the same 
effect upon the point ? Let A be equal to tlirce ounces, and R 
equal to five ounces, llien take a length Pnt on Pa equal to 
the number of ounces in A, for instance take three inches for 
three half inches, and on P& draw Pn equal to five paits from 
the scale. Now let these two lines be parts of a parallelogram: 
comidete the figure, and draw the diagonal Po. A weight 
acting in the direction Po, and having the same ratio to it as 
A and B, have to the lines Pfn, P», will be the resultant, 
that is, the force which will be equal to the two foAces A 
and B. 

To prove this, place a wheel, c, in such a [Kisition that 
when a string attached to B is stretched over it, it may be a 
continuation of the diagonal. Suspend from this line a., 
weight having tiie same pro}H>rtion to A and B as Po has to, 
Pw* and Pn. Now let the }K>int P, which we have hitherto 
supposed to be fixed, be set free, an<? it will reiiiain at rest, 
showing that the weight c neutralizes the influence of the two 
forces A and B. ^ 

* H 

Ikese demonstrations will make it unnecessary for us to 
explain the manner iit whio?^ we may conqiound a force ; 
that is, ‘determine the directioh aifd intensity of any two or 

more forces, that will produce the same effect as any one 

• * flf- 

force. 

It would not be difficult to select many examples of the 
composition of motion. There are indeed but few in6tance> 
in which we can trace the existence of motion to a single 
force, and if the reader will take the trouble to reflect upoi'> 



MOMENTUM — GRAVITY 


63 


the^ phenomena he sees, he will find no difficulty in select- 
ing illustrations — ^we will mention one. 

When a boatman wishes to cross a river which has a rapid 
ctfJrent, he does not row with the head of the vessel towards 
the jioint where he wishes to land. If the wind and current 
were in the same direction he wmdd do so, for the straight 
line joining the two placed is the shortest. But under tht* 
circumstances we have mentioned, the boatman must make 
for a ])oint above or below that which is his destination, ac- 
cording js the current may be moving u]>wards or down- 
wanls.* As there are two forces acting upon the boat, we 
may re])resent them, according to their momentum and 
direction, by right lines ; and if these lines be considered as 
fiarts of a parallelogram the boat should take the direction of 
diagonal. 


MOMENTUM. 


ITie quantity of force possessed by a moving body is called 
its luoinentum. llie momei^um is governed by two circum- 
stances, — the weight of the substance, and the velocity with 
which it moves. To find the niDmcnt&m of a body, multiply 
the weight by the velocity. i%t us suppose one body to weigh 
twenty jiounds, and to move with a velocitj^of three miles 
in a minute ; and let another weigh ten pounds, and move * 
with a velocity of sLx miles in a minute. If we multiply the 
weight^and velocity of these together, we shall find that they 
have both die same momentum which is equal to sixty, and 
the same force will be necessary to stop them. 
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FORCE OP GRAVITY. 

We come now to consitler a force which has an uni- 

I 

versal influence upon matter, and that is the force of 
gravity, or as it is sometimes called gravitation, livery par- 
otide of matter has an attractive ihfluence upon every other 
particle, and it is on this account that bodies, when left to 
themselves, and raised to an elevation above the surface of 
the earth, fall downwards until they meet with soiijc surface 
capable of supporting them. This phenomenon is ^vitne8se(^ 
as far above and beneath the surface of the earth, as human 

$ 

ingenuity enables man to perform his experiments. It is 
this which causes the rain and hail*to descend, and water to 
seek its level. If this force had no existence, a body onctf 
projected from the surface could never return to it, biat 
would float in that portion of the atmosphere in which the 
resisting medium destroyed its momentum ; or if H passed 
the limit of resistance, would continue in rectilinear motion 
through sj)ace. But it is cddgnt that gravitation is univer- 
sal r the matter^ of the earth has such an influence upon all 
projected bodies, that* their hne of direction is perpendicular, 
to its surface ; not the surface as it is with all its mountains 
and inequalities, but as it would be if the ocean wer^ carried 
over it. 

Let us, for the sake of illustrating the force of gra\ity, 
suppose it to be confined to the earth. Tlie terrestrial attrac- 
tion does not, it may be supposed, exert the same influ- 
ence upon all bodies ; and in proof of this opinion it will 
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]U:rriaj)S be stated, that a stone or any other dense body falls 
with {Treater rapidity than a eovk or a feather. 'Flus, how- 
i\'er, does not aflect our assertion, for the li<Tht body falls 
•noro slowly than the heavy, only because it presents u 
greater surface, in reljition to its weight, than the heavy 
body, to the resistance of the air. If any two bodies, a 
feather and a jiieee of metal for instance, be made to fall 
throu{j:h a vacuum from any hei^rlu, they will reach the base 
in tht*. same period, which fact evulently proves the state- 
ment. • 

I’he force <»f {rravitatioii is such, that every particle of matter 
lUracth every other particle. 'J'he trravity of a body must 
therefore depend upon the <|uantity of matter it contain'*-. 
Let us sii])pose a body toVontain half the (juantity of matter 
jt(>.s.sessod by our earth, and let the two bodies be brought 
Nothin the sphere of attraetion. 1’he consequence would he 
that each would attract the other; and if we siij)j>ose the 
earth to #ipproaeh toAvaMs this iiruifrinary body at a rate 
of one mile in the first moment, the other body would ap- 
jjroacb ^nvards the earth a rate of two miles in the 
same period. 

Aiiolhcr important law of ^r9\'itation is this : — thj» foret 
decreases as the square of the distance increases, or in other 
words, (Jf 'Creases as the distance inultiidi^ by itself in- 
creases. ^ Jf body attracts some other body Avitii a certain 
force at the distance of one mile, it will attract it with rme- 
fourth tiiat force when at tlie distance of two miles ; with 
one-ninth that force at the distance of three miles ; and so 
on : this is called the law of diminution. 
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If the line of direction of falling bodies he perjiendiculartci 
the surface of the earth, and if the earth be a spherical body, 
no two substances falling downwards, nor any two bocli('> 
susj)ended by lines, can be, strictly s])eal\iiig, parallel to eacl; 
other. And yet if wc take two ])lumh lines and suspeml 

them from points a few feet apart, they will appear to lie per 

^ « 

fectly parallel. But this is easily cxi)lained;*^lhe distance be- 
tween two observable bodies is so small in proportion to the 
radius of the earth, tliat^ the bodies must a])j)ear to fall li! 
perjiendicular lines. If we suppose two bodies to'^hdl ujior 
a sheet of water twelve hundred feet distant from eac^i other, 
the inclination of their hues of direction wonld he only a t\v», 
hundred and fortieth j>art of a degree. It is not then sin 
gular that two suspended suhstarices suflieiently near to In 
comjiarcd should lie, a])parenlly, perfectly jiaralltd. * 

By a knowledge of the fact that bodies attract each othti 
in proportion to their masses, we may acc‘Ount hir the plu- 
nomenon that all subsUmccs projected into the atmosphen 
fall towards the earth, and not the earth towards them. If 
a body as large as a iiiountair could be raised to^tbe ver) 
highest stratum of the atmosphere, and from that situatioi. 
be l(*ft|Unsii]iported, it woutfl fall^to the earth, and the eartl# 
would scarcely move ; there is so great a want of ])ro]iortioi. 
between the ^passes of the two bodies. ^ ^ 

(Gravitation is an evamjde of what is called ,a oentripetiiJ 
or centre seeking force, and the various attractions cxliibiU'i 
by bodies under dilferent circumstances, with but okc excci>- 
tion, are of the same nature. 'Phe general laws of centripetal 
action have been already stated ; that the mutual attract»«>f’ 
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of two bodies increases in the same proportion as their masses 
arc increased, and as the square of their distance is de- 
creased ; and decreases as their masses decrease, and as the 
sqrarc of their distance increases. 'J'hese laws have been 
coital dished by mathematical demonstrations, founded on 
juTiirate experiments mar^e, in various ways : and by their, 
apjdicalioiT in astronomy, a variety of far more comjdieated 
problems have, been determined. They may, indeed, be 
considered as the foundation of»all accurate astronomical 
caleul«'jj;i()ns. 

By the. centripetid action of the siiii iq)on the ])lanets they 
'are restniined within their pnqier lionridaries, and revolve, in 
the same curves for apjes topfcther, without any sensible vari- 
ation. lliis force keejis up the eontinued motion wliieh was 
first impressed Ujum those revolviiifj bodies by the Oeator 
and it efjually froverns those immense masses, and their 
sinallesl parljeles. 'J’he dro]> of niin forms itself into a j^lobu- 
l:ir sha]ie*froTn the centripetal action of its ])artielcs and then 
falls to the earth, because, (if the centripetal force of that 
body 

CURVI LINEAR•M0T10^^ 

Sir Isaac Newton has illustrated Ins doctrine of curvilinear 
motion hy Honsiderin^^ the state of a stone, wlflrled round in 
a slin".» *Wf observe in tliis experiment that the stone 
^akes an incessant effort to fly out of the sling, but is rc- 
strained* as long as the string of the sling is held in tin’ 
hand. Now the string rejiresents the centripetal force, the 
^^tonc the rcvolviiig body. 'Jlie endeavour which it makes 

f 2 
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to leave the strinpf is called the centrifupfal force, and it is 
evident that the com]>osition of the cciitrij)etal and centrifu- 
gal forces exerted uniformly for any length of time, ])roduces 
the rotation of the body round the hand which detains it. 
We must, however, perceiA-e that something is necessar}^ in 
^the first instance to develop the centrifugal force. 'J'he 
string may he attached to the sling, and the sli-.ig may he 
supi)orted, hut it is necessary that some impulse should he 
given before the sling will, revolve. The hand commences 
the operation by a sudden cfiTort, and that effort is Vailed the 
])rojcptile force. 

The centrifugal force dc])cnds conjointly upon the A'elocity# 
of the body, and the curvature of its palli. If any body 
move in a curve it will, as we may see in the ease of the 
sling, fly off in a straight line as soon as the centripetal force 
is tjiken away. * 

The primary cause of j)lanctary motion was a projectile 
force im])rcsscd on the bodies by tfie Creator. TBc motion 
is perpetuated by the attractioi^ which restrains them in their 
orbits, and neutralizes the cAitrifugal force. \Ve have 

already stated that a body acted upon by two forces, in dif- 

* ^ 

ferent <hreclions, has a motio|i cynipounded of both. In# 
the same manner a curvilinear motion is produced by the 
united action tjf a centripetal and projectile for<;j». # Curves 
themselves, as geometricians have shewn, may he copsidered 
as nothing more than an assemblage of minute straight lines 
of small magnitude, and arranged after each other aini^ording 
to a law Avhich varies in each curve. 

It has been i)roved by astronomers that the earth has a 
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r('VoJulion on its axis. Tliis rotation causes the matter of 
which the earth is composed to revolve in circles round the 
diflerent parts of the axis. But the distance of the surface 
from the axis varies, and the centrifufral force of any revolv- 
iiifif hocly is in j)ro portion to its distance from the centre. 
Hence it \v«)uld follow that the centrifugal force of our earth 
is frreatest^at tl^e equator. 

'Hie result of this has been the swelling «mt of the equato- 
rial re^(ions. 'Jliis effect may be observed by giving a flexi- 
ble hoop^fi rotatory motion. It is also found that the ellip- 
tieity «Tf the eqnatonal regions of other bodies is in jiroportion 
ti» the velocity Avith wliich they revolve on th(‘ir axes. 'J'hus 
Jupiter and Saturn, which revolve more raj)idly than the 
earth, have a greater elliplieity. 

• Lc‘t us now sec how the eentri]>etal fr)rcc acts in relation to 
file earth. If the central force Avere not suflieii*ntly strong 
to neutralize the effect of the <'eiitrifugal, the detached bodies 
on its- swrfaee Avould ht^ throwm t)!!’ into space. Bui even 


under present cireu ms lances^ it lias the effect of dirainish- 
ing iht^AA’eight of bodies a4 the equator, that is, derre.ases 
their ])ressure njuni resisting suhstances. ,lf the earth ditl 
not re\Ml\-e on its axis, the^ Alight of bodies woul^ he the 
same at all | daces equally distant from the centre. 



c ^ Kxjieriments have jiro^al that the dif- 
' ^ fercncc betAveen the Aveight of the same 
body at the ecpiator, and at the pedes, 
is one in one hundred and ninety-four. 
Let EL (flg. 3) he the equator, and P 
C the jKde <»f the earth, and imagine it 
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possible to have a scries of pullies « 6 c, extending from 
Uie ecjiiator to the })olcs, and over these let strings be ex- 
tended with equal weights y and x attached to each end. If 
tliesc two weights exactly counterpoised each other, at any 
jiart of the earth’s surface, that is, were precisely the same, 
the one over the ]K)le would be one part in 194 greater than 
^.hat at the equator, siqiposing the string to hnve no weight. 

It may not, however, be readily suggested to the reader, 
by what means we can measure the diirerence of weights in 
any body at diflerent jilaces. When we wxigh any siubstance 
we only counterpoise it with some other substance of Known 
value, and if an alteration of weight be ])roduced ui)on one, 
it will be to an equal amount u|)on the otlier. 

Tlie vibrations of the ]K*ndnlura ofier a ready means of 
determining tho alteration of weight. It is found that if a* 
l)cnduluin be made to vibrate at different j)lacc.s, and if tlu 
number of oscillations in any ])eriod of time be counted, the 
intensities will be as the sejuares of the number of vd)rations. 
This, however, is not to be entirely attributed to the centri- 
fugal force ; — it arises in part ^rom the elliptical figure of 
the*carth. 

The observations of a celebrated French iihilosopher, on 

‘I 

weight, may be appropriately introduced in this jilace. It is 
important, he says, in civil and commcrcisd relationsjhat the 
set weights which are used should always be t^he same, or 
at least that they should every where have a known and in- 
variable relation to some determined weight as unitv. It is 
also im])ortant to science, that the unit of weight should not 
be lost : we should he provided with a means by which we 
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iji'iy at sJl times verify it with exactness, and compare tlie 
ri'sults of one ])eriod with those of another. 

'Hie unity’ of weight which has been lately adopted in 
I'rance is the gramme^ which is the weight of a centimeter 
cMihe of distilled water, taken at the maximum of eondensa- 
lion. If the length of the centimeter should he lost, it may 
he easily r(;-fou*id, since it hs the hundredth ))art of a meter 
if the metre itself should be lost, it may be found again, for 
it is the 10,000, 000 part of the are of the meridian of Paris. 
Lastly, if the earth itself should change its form and magni- 
tude, tlie metre would he lost, hut at the same lime iwery' 
thing would be changed with regard to us; days and nights 
could iio longer he the same ])criods, nor the seasons tlic 
same in course and duratu)ii. Every thing in our most fun- 
Tlameiital ])rineiples is conditional, and science has done its 
Best w'hcn it has established its basis on the stability of the 
world. 


Another example of curvilinear motion i« to be found in 
»tlie ])ath of ])rojectiles. 'flic Celebrated Galileo, whose 
discoveries we shall have frequent occasion to refer, jiroved 
that if ^i^body be projected from the surfam* of the earth ^ 
it will jwoc^ed u])wards, and descend ag;iin in a parabolic 
j)ath. Galileo found that a bomb, in its flight, would not 
proceerJ in a rectilinear course ; but that, by the attraction of 
the earth, it would be gradually bent into that curve called 
the parabola, describing one half of tliat curve in its ascent. 
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iind the other half in its descent. His ]mpil, Torricelli, ex- 
tended this ohsen'ation to some other cases. 

But when artillerymen juit this theory into ])racticc, thej 
found so many unaccountable exceptit)ns to it, that not only 
in firing l)ombs, Init also heavy shot, it led them inU) tin' 
most erronerms results. A ball fired r)iit of a field-piece 
’with half its weif^ht of ])owder, and which accordinfr to this 
theory on<?ht to have lieen carried six miles, did not reaeb 
(piite so far as half that distance. 

Those who have stood at the breech of a i>ieeo of fird- 
nance, and observed the jiath of the shot when fired at sea, 
will be aware of one eirciunstancc wliich (hilileo did not take , 
into account 'Ihc shot, when dischai'^ed, ricochets alonj; 
the surface of the water; that is, alternately strikes the 
water and rises into the ?ur at the distance of every feu' 
hundred yards. For instance, if it be fin^d from a slwni 
i*annonade, it will, iijjon ])arting from the piece, rise instantly 
into the air; then descending splash the water dn ever) 
direction and mount iij) again, 'i'he whistling sound pro- 
duced during its passage, aris* s from tlic resistanc"^ of the 
:iir; and the variation in tJic path itself is jiroduced by the 
vaiiie cause. ' , 

As the makers of cannon shot are not careful to have 
tliein exactly soheroidal, the inequalities of their surface is 
another cause of error, llie surface of the small shot used 
by sjMirtsmen are, on tlie other hand, without irregularity. 
The manner in which this advantcige is secured is highly 
ingenious. It is said that a Mr. Watt, a native of Bristol 
and a plumber by trade, had a dream in which he saw the 
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whole contrivance. A person appeared before him on the 
top of a hififli tower ^vith a sieve in f)ne hand, and a ladle of 
melted lead in the other : the lead was ]»oured into the sieve, 
which he shook \'iolcntly, and the liquid metal fell in drops 
like raiji to the door of the tower; but in its fall it had reco- 
veied its solidified state. 

'riie ir^a^inwiy person then descended from the tower, 
and examined some of the shot ; and amonj? them Watt saw 
several that were not either perfectly round, or had tails to 
them, ^ro separate these from the others, the man removed 
the sTiot to an iiudined ])lane; those that wore round ran 
down the plank, while those that were inis-shai)en wrii^j^led 
over the side. A iieiiect separation was thus eUected. lliis 
was a lucky dream for Watt, as he sold his patent for 
10,000/. : and a similar method is still employed by inanu- 
*factui ers; and thus an error of some iinj>ortance in the con- 
stmetion of balls is entirely ]>reveiiled in shot. 

AnoltiiT circiuiistaiice that deran<;es the motions of pro- 
jectiles is, that, after a canyion has been fired several times 
in siKwession, it Ix'corncs inucli heated. During^ the 
late wars, this was exceedingly injurious to«thc French artil- 
li ry ; for many of their gim?, w hit’ll were made (jf bronze, 
ahsoliiUdy melted at the muzzle. Now it is well known, that, 
wheu 4 j f^lid body is heated, its ehusticity is }jfirtly destroyed; 
and thorefyre, if a hall is fired out of a heated gun the 
elasticity of the gun being diminished, the shot will not 
go so for as it would otherwise have done. 

llie greater part of tlu^ military projectiles, at the time of 
tlieir discharge, acquire a whirling motion round their axes. 
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which arises from the friction exerted between them and the 
interior of the gun. I'liis motion causes them to stribe the 
air in a manner different from lliat which tliey would do, if 
the motion were simply forward; for the resistance of the 
air is not opposi'd to the direct ])ath of the body, and it con- 
sequently forces it from the direction it would otherwise 
take ; so that the distance a ball will fly at any given eleva- 
tion ismot a just estimate of its velocity. 

The same piece fixed at the* same elevation, with ball, 
powder, and every circumstance as similar as possible, will 
give very different distances at different times. Although 
science lias oflered but little assistance in many jiarts of gun- « 
nery, it has in this instance found a coinjiletc remedy in 
rifle-barrelled guns. These pieces have the inside of their 
barrels cut willi a spiral channel like a screw, only varying" 
from the screw in the particular that its thread approaches** 
to a right line ; for it takes little more than one turn in the 
whole length of the. barrel. When the piece is fik'ed, the 
indented zone of the bullet follows the sweep of the screw, 
and therefore gains an invariable; circular motion rov id the 
axis of the ])icce jn addition lo the progressive motion which 
is given t,o it by the gunjiowcfcr. By this whirling motion > 
on its axis, the aberration of the bullet, which is so preju- 
dicial in gunnenv, is totfilly prevented ; and as the bMllet is 
subjected to the force of the gunpow'dcr for a longer time, 
and (juils the jiiece with more difhculty, rifle-barrel guns 
carry to a much greater distance than common ones. * 

The compression of air produced by the velocity of the 
projectile is also another deranging cause. If we suj)pose a 
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ball to bt* projected at the rate of two thousand feet in a se- 
cond, which is perha])s a fair estimate, it will have to sustain 
a j)ressure (rf mure than one hundred weight u])on every 
sjjuarc incli of its section ; and if this be the real velocity 
of tlie Ijall, it must leave a vacuum behind it; for it is well 
kiuiwn as a fact in j)ne lunatics, that air cannot rush into a 
^■oid with a vel^x'ity at all •jf]>])roachinp to t\vo thousand feet* 
in a second, 'llic ])rcsKurc exerted against the motion of 
tlie ball must therefore be very ^reat. 

In llic^military schools of France, it is assumed that the 
j>ath (ff a shot or a bomb would be a parabola, setting aside 
the disturbing causes ; but, under existing circumstances, it 
is neither a parabola nor any other regidar figure. English 
inatliematicians havc^ prfived, that the greatest range of a 
•shot is when the tiiccc is elevated to an angle of 45^, but in 
•practice they assume a much less angle. Although the in- 
lluencc of the disturbing causes we have mentioned is very 
great, yot a shot of tweifty-four ]iounds may be projected out 
of a cannon with a rate of velocity exceeding two thousand 
feel in^ second. 

The velocity of a ])rojectile wfll, as might l)e expected, be 
considerably inlluenced by thii»(j[uantity of jjowder, and the 
piece from which it is discharged. 

^Jlie^reater the (piantity of powder, the greater will be the 
velocity^ of ^thc hall. With military men it is not always’ 
desirable to give the ball the greatest possible velocity; on 
the coj^trary, they generally charge with a small quantity of 
powder, reckoning one-sixth the weight of the ball for field 
pieces, and one-third for battering pieces. When battering 
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in breach, the French artillci*}" wnill soinciimes charf^e with 
half the wcij^ht of the hall, as they did in the recent sicfre of 
Antwer]). But in firing with pfra])c, or from ricochet liattericN, 
the)*' use low charges of ]K)wdcr; in the latter case just 
enouf^h to throw the ball over the enemy's ])ara]K‘t, tliat 
it may ^o rolling and hounding along, dismounting the guns, 
‘and killing the men. ‘ a . 

An increased \'elocity is given liy lengthening the barrel 
mtliin certain limits ; but the velocity does not at all depend 
nj)on the weight of the gun that discharges it. 


ACCELERATED MOTIO.N. 

When a body is ]nit in motion, and the force is continued,' 
accelerated motion is evidently jiroduced. A hea^'y body 
falling from a height above the surface of the earth, in* 
creases its velocity as it aj)proaclids the planet. ‘A bullet 
may he thrown into the air by tlie force of the arm, and he 
caught in the hand as it falls hut if it were ]»roje.pted by 
a rilusket, it wo,uld be imjuWihle to do tiiis; for its velocity 
would be increased in conl^eciuence of the greater space 
through which it would fall. 

When a body is put in motion by any force, ^ tig; same 
motion must be continued for ever if uninflueiiced by any 
otlier force : but if, after a certain interval of time, an eqiEil 
force be impressed uj)on it, the motion will be doubl^.d ; if 
after another interval, the force be jigain imjiresscd, the mo- 
tion will be trijjled. Now the force of gravitation acting 
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npoTi fallinpr Imdios is exactly of this kind, only the intervals 
between the impression of the force must ])e considered as 
infinitely small. This leads us to examine what arc called 
the laws of sjiaccs, times, and velocities; that is, the rela- 
tions xA'hich exist between the spaces through which a body 
nuives, the time it takes in movintf, and the veloeity with 
which it Drives* In cxaminiiiir these relations, we may take* 
tiv’ idea of a body falling; from a consideral)l(; heifrht to the 
i» round, n(jt hy any external force exerted upon it, but 
merely fwini the gravitation of the earth. 

Il has hei'ii stall'd, that the attraetion of gravitation de- 
t reuses as the distanee nndtiplied hy itself increases. But 
llie, p:reatest heiijflit above the surface of the earth on which 
vv(’ are ;ihle to observe *a descending hotly is a mere line 
*eoin]iared with the radius of the earth. We may therefore 
*iii all cases consider the force of ji^ravity acting? upon fallinir 
bodies as a e(»ristant (|iianlity, possessinof the same force at 
all hei;rhts, and in every part of its descent. 

I. I'he lirst law to which jjvc shall allude is, that the velo- 
eily increases pro|)i»rtioiiallj®wi!h the time. 

L»*t iis suppose a body to he three seconds in falling to 
» till* tfround; the force of ^i^lvily will generate tjie same 
<piantity of motion at every successive period of its descent. 
At tlu^bgjyimiiii/r of the second and third^ period, it will 
e\ert tin' styne force as it did at the he^iiminj^ of the first ; 
hut after the body lias been niovinjr one second, it will have 
^ained*a eeitain velocity which must he added to the velo- 
city produced by the attraction of gravitation, and it will 
,i<ive the velocity of the second period which is double that 



7^5 


ACCELERATED MOTION. 


of the first; and on the same jjrinciple the velocity in the 
third ]>eriod will be three times that of the first. The velo- 
city of a hdliri^r ]>ody therefore increases pro^iortionally with 
the time ; or in other words, a fallinfjf body has a uniformly 
accelerated motion. 

2. The space through which a body falls increases propor- 
tionally with the s(]uare the time. • 

This law is easily underst()od. A liody falls throupfh a 
certain space in one second, through four times that sjiace 
in two seconds, through nine times in three seconds, and so 

i 

on. It is therefore' only necessaiy to know what s]iare a 
body' falls through in the first sieoiid, and we may easily 
determine the space through which it will fall in any given 
time. 

j» 

L('t us now examine what relation there is between the 
spaces through which a ]>ody falls in several successive ])c- 
riods. If we sup]W)se the spae(‘ moved through in the firsi 
second to he equal to one, that in the first two will be four, 
the first three nine, the first fou/* sixteen, and so on. Siih- 
tract one from four and the reinlvinder three' will lie tliC* spaci’ 
moved through in the second jieriod; and four from nine will 
give five^ the. sjiace jiassed throijgh in the third period. In 
this way we may estimate the actual motion at any inomen! 
during the fall and as a hoily falls through sixletn ^eet in 
the first second when acted upon by gravitatiOxi (foly, the 
space ])assed through during any )»eriod and at any tiinr 
may he determined. 

lliese laws may he exhibited ex jieriinen tally, but not with- 
t)Ul the aid of a mechanical contrivance. It would be ]>er 
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fectly impossible to illustrate any one of these j)rincij)les by 
direct oliserx'ation on fallinpr bodies; for if a body falls tlirou^li 
sixteen feet in the first second, it must pass throuj^h 256 feel 
ill four seconds. This is a height much too great and the 
|H‘riod is much too short to admit of accurate examination. 
And in addition to tliis objection it must ]>e remembered 
that Unvards t^je end of tlfe* fall the liody would have a velo- 
city of 120 feet in a second. 

The instrument by which these laws are illustrated is re- 
jiresente^l at the commencement of this eha]»ter. It was iri- 
vcnt.'ff in the last century by Mr. Altwood, and is known as 
Alt wood’s Machine. The object is to obtain an uniformly 
accelerated motion of such a velocity that it may he accu- 
rately observed. This isMone by the following arrangement 
•A wheel is so fixed on its axis a> to imne with but little frie- 
•tioii. Over a groove formed in the circumference of this wheel 
a silken cord is jilaeed, at the ends of which are metallic cy- 
linders #)f etjual weighf. The arrangement is then in equi- 
librium, for the weight at one end of the cord balances that 
at tlio^j>ther. To produce :«iotion, a small known weight is 
aUaclu'd to one cylinder, which ^instantly la^iiis to descend. 
» iuid exhibits the laws we havAittemptcd to explaiii^in such 
diminished velocities and s]iaces as give a fair opi»ortunit}' 
for ex'i^-ryneut. Behind the descending wei^^its a graduated 
vertical slujft is jilaced, and a stage to receive the weights 
f,\\'lueli may he adjusted at ])leasure) beneath. A pendulum 
with nift audilde heat is also attached to the instrument. 

Supjiosc it were required to jirovc that the space increases 
ia'oi>ortionally with the s(|iiare of the time. The weights 

1 
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may be so adjusted that they shall fall through one inch in 
the first second, and they will then pass throu|jh four in two 
seconds, nine in three, sixteen in four, and so on. 


THE PENDULUM. 

c * • 

• » 

The common ])enduluin is a heavy ball attached to a slip^ht 
cord or wire, so formed that it may be suspended to some 
fixed point, lliis instrument, simple as it is, has l^een em- 
ployed to determine the direction of the force of gravity, an<l 
is still used for tht‘ measurement 
of lime. If we ])laee the pendu- 
lum PJ1,‘ fi^. 4. in any position 
out of the jierpendicular, PA for' 
instance, and let it fall freely, it' 
will descend to P, iind, j)assinj( 
this point* ascend oh the other 
side to C, descrihinf? an arc A('; 
it Mill, then be^in to descen^l, and, 
p^issin^ B, ascend aj^ain to A. 
It is scarcely necessary to ex|)i.iin the cause of this motion; 
for it is evident that when the pendulum descends, its velo- 
city increases till it reaches P, and the accelerated motion 
' 41 r. 

thus obtained is sufficient to cany it upwards to C. ^Gravity 
therefore is the governinj^ force in the vibration of the ])en- 
dulum, and in theorj^ it may be considered a jiej-petual 
motion. But there are two causes which tend to destroy the 
motion, and act effectually upon it : these are the resistance 
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of till* air, and the friction of the* siispendin^i^ line upon the 
p(»irit of suspension. 

'Hie pcnduh.mi emjdoyed for philosopliical pLiri>oses con- 
sists of a metallic weight, usually a heavy disc, so shar]) 
upon its circurnfcreiic(‘ that tlu* resistance of I he air can 
Iwivc little effect upon it. 'Jlie fine wire wliich Mi])])orts it 
IS attached to a 4 )icce of sharp steel, or to a knife-hlade which 
rests on planes of polished a^ate : witli tlH‘s(‘ precautions a 
pendulum, notwithstanding^ the resistance of the air and the 
friction atihe ])oint of suspension, will vibrate for many liours. 

*rhe dime oeciijued in an oscillation is the same, whatever 
11 s extent, when not very considerahle ; or, in oIIut words, 
llie vibrations are isochronous. 'Fliis jnopeiiy was disco- 
wi’i'd by the celelirated tialileo, th(‘ |diih)soj)lier who iin- 
(Troved the telescope, diseovered the satelliles of Jupiter, 
:iTid did more tlian any of his contemporaries in exlciuhiifji 
tlu^ houiularies of .science, and in niakin;> it a\ ailahle to all 
classes of«sociely. He was attending ont* evenin;^ the service 
at tile clmrcli of I*isa,and after J.he ^reat chandelier was lighted 
np, it \\f|s h‘ft swin^hi^: thi:t atlra<'ted lln* aflentioii of tlio 
youn^ philoso])her., and he ohscTve<l lhal the vibrations were 
^soclironous, tliat is, they werc^ticrfonncd in cijiial ^tiincs. 
Ily the observations he afterwards made on ^ih^a1in^^ bodies, 
la* establjslied the truth of this observation, a.yd inlrodiici d 
* the pendijjutu means of re^ulatiiif* an instrument for 
Ihe measurement of lime. 'Jlie reader may easily prove the 
truth of^liis law, if he pleases, by countiii};' the oseillalicms 
nf a vihraiin<r body ; and he will find, that whether tlie peii- 
dnlnin is vibrating in an are of fi)ur or fne ilcj^rces, (>r in 
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one of a tenth of a degree, an equal time is required to j)er- 
form the oscillation. 

Another important principle in relation to the ]>cnduluiii 
is, that the time occupic^d in an oscillation is not de]jendent 
on the weight of the ball, the substance of which it is made, 
or its shape, excejit so far as regards the resistance of the 
air. Ill is fact is easily demonstrated; for, if we take balls 
of difibrent substances and sizes, being careful that the pen- 
dulums be of e(]u:il length, and cause them to vibrate 
together, it will be seen that the time occupied in a vibra- 
tion by each is the same. Gravity in its action upofi a pen- 
dulum causing it to oscillate, exerts its inlluencc upon each 
atom of the matter which coin])0.ses the ball ; and therefore a 
single atom suspended at the end bf a thread would oscillate 
with the same velocity as any number of atoms combined 
together in a liocly. So also an atom of iron would vibrate 
w'ith the same velocity as an atom of ]>latjnuni or of gold ; 
since all masses, whatever their nature, oscillate in the same 
arc with the same velocity. These ol)sen"ations wdll tend to 
illustrate the principle, that gr^tvity acts in the sainq-raannei 
Ujlon all bodies. *' 

It may also be meiitionedt- as a third imi>ortant law, thai^ 
the time of the oscillations is as tile sfmarc root of the lengtli 
of the })endulum. If we take three ]>endu]ums, wdiosc 
lengths are as one, four, and nine feet respectively^ the time 
required for the oscillation of the second will be twice as 
long as that of the first, and the time of the oscilh'itions oi 
the third will ]>e three times that of the first, because 1 > 2, 3 
are the square roots of 1, 4, and 9, respectively. 
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As the oscillations of a jiendiilum vary >\nth its length, a 
certain length is required that it may heat seconds, or, in 
other words, ^\nl)rate sixty times in a minute, llie length 
reijuired in the latitude of l^cmdon is a little more than 
thirty-nine inches ; hut a })endulum that would heat seconds 
in London would not do so in Paris. 'I’he c»bservations made 
u])on the ])endi|lum in the^^and of Cayenne, hy M. Ritcher. * 
first induced philoso])hers to doubt wliether the earth was 
])erfeetly s})henea], and the instrument has since been use<l 
to determine this important problem. Rl. Ritcher found, 
that tlT(* ])endulum of his clock moved at a rate of 2 ', 2S 
a-day less than it ought as regulated hy the mean motion of 
the sun ; and, to coinj)ensate for this error, he was comjielled 
to shorten his ])endulum*nearly f)ne-(‘lcventh of an iru'h in 
hrder that it might make vibrations equal to tlu)se it made 
M Paris. 'Hiis ])henomcnoTi is easily accounted for : gra- 
vity is tdways according to the masses ; and therefore a 
double laass will have a*doidilc attraction, and a treble mas*- 
a llinie-fold attraction. Now it is found, that a certain })en- 
dulniun^vill beat seconds at^he poles of the earth; hut to 
malic the same j^endulum heat seconds at /he equator! its 
*le.iigth must he altered, which^s a ])roof that the ayraction 
of the earth — that is, the gnivity — is not the same at lioth 
places.^ A jiendulum which heats sixty seconds in one mi- 
nute at the JS'orth Pole, will not heat so many times at the 
equator. 

All lihc laws of which we have been speaking are (juitt 
independent of the jircsent intensity of gravity ; for if this 

G 2 
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force were a hundred times greater or a hundred limes les- 
than it is, llic vibrations would still be isochronous, and the 
time would still hiivt* tlie same relation to the weight and 
the length of the j)endidiiin. If gravity were doubled ii. 
intensity, llie velocity of all falling bodies would be increased, 
and })en(lidunis would make their vibrations quicker; but 
* the tiin(‘ of the oseillalioiis woullf still be as the s/[uarc roots 
of the length of iIk* jienduluins. If gravity were to ceast 
altogether, bodies would cease to fall, and jamduliiins would 
cease to oscillate, exccjjt by their acquired velocities, whicli 
would cause them to continue in motion until the viliration^ 
were destroyed l)y friction ; but there would bt* no reason 
why the j)endulum should come to rest in a direction |»ci 
pendieular to the surface of the earth. 

All the observations which have l»een made eoneerning the' 
laws by whicli the vihrallons of a peiululnm are regulated," 
have reference to a single jicnduluin, which is an inlle.vihit 
thread without weight, having a single atom tif nMtter at- 
tached. It must be evident, that all the pendulums we aiv 
accustomed to use are eonqxmnrl, sinei* ii is impossible to 
fulfli the conditipns of the definition ; and it is therefore ne- 
cessary to consider how far liiis eirennistariee would inllu 

' « t 

(uce the laws we have mentioned in their application to 
liraetieal jnirjioses. ^ ^ 

Let us take as simjile a case as jiossihle of a compound 
pendidum. Let us supjiosc that we can ohtain one that 
consists of an inflexible thread, without weight, l)ut*1iaving 
two heavy molecules attached to it at diftlTcnt distance> 
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from tlu* point of snsjicnsion, as shown in the annexed 

i IJ. '}. 

figure. 'Hu* inoleeiile, h fipc. 5, hein*^ at a less distance 
from the point of sUK]»ension than the molecult? B, has 
a tendency to viliratc with ^yreater velocity; hiit as 
th(;y are joined together, and innsf oscillate in the 
oh same time, the one is retarded, and the other is acce- 
I lerateil, an intermediate velocity heiiijr established, anil 
' that is the velocity of the com])oiind ]>endiiluin. But 
I there is always a certain poiyt in the peiididiim which 
is neither retarded nor accelerated, tind jKTforins its 
ti-'cillatmns as though it were alone freely siisj)en(led from 
the til read ; and that point is called the centre of oscillation, 
jiiid its distance from the point of suspension is called the 
K-n^h of the pendulum, which is in fact eipial to the Icni^th 
of a siirijile pendiiluiii that woiUd oscillate with the same 
velocity. 

'File remarks which have been made u])on llie siin])lest 

• • 

of compound jieriduhims are true in reference to all 
others; and as we can only#employ these, there are con- 
siderable diflieulties in the ^'ay of an effort to determint- 
the intensity of jrravily by them. It is luM easy to oh- 
#crve with accuracy the jlurjjtion of an oseillation# or to 
determine with exactness the lenpth of the jiendnlum; hut 
Wh lhe«e (JiHieulties have been overcome, ani the ])rohlern 
has been, frequently solved, first by Borda, in 1790, at tlic 
observatory of Paris, and since that jicriod by many hhijjflish 
and contTnentai j)hil()sO])hers in various i>arts of the glol>e. 

'iluj increase or decrease of t('m])craturc has a consi- 
tltruhlc influence on the oscillations of a pendulum. A hai 
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of metal, which, when cold, will pass easily bet\vcen two 
upri<rhts, will not do so when heated red hot, for heat ex- 
pands solid metallic bodies. For this reason a pendiihnn, 
which beats seconds in a low terrijieratiire, would cease to 
do so if taken into a hotter climate ; for its lerif^th n^ould be 
increased. I'liis is a fact of ^reat imj)ortancc in horology, 
and mechanics ha\'e invented various metlfods tof compen- 
sating for this alteration in the length of the penduliini* 
sometimes by making thtj rod of the ])enduhim of a sub- 
stance that would not cxj)and appreciably by heat, 'iind some- 
times by contrivances that correct the increase of length 
that results from a change of teini>ei ature. The length of a 
rod of dry wood is not altered by a change of teinjierature ; 

and it would be tlic best ])ossible substance, if it could be 

* 

IHjrfectly jirotected from the hygrometric action of the air 

If 

It is, however, in a considerable degree defended from mois- 
ture, Avhen rubbed over with bees’-wax, and makes the most 
accurate jienduliirn of this sort when thus prepared. 

I'ifi.fi, 'I’hg corap* nsation pendulums are the 

mercurial and the ^gridltoii. The mcrcuriaf pendu- 
lum, fig. 6, consists of a rod of brass, or other inctal, 
Lo the end of which cylindrical vessel containing 
mercury is attached, instead of a ball. 'J'he same in- 
' crease fir decrease of temperature thati aPects tlic 

' pendulum rod has an influence upon the mercury in 

, the vessel, and the one corrects the other. If the rod 

I ! suffers cxjiansion, the centre of oscillation Wll rise ; 

but if the mercury be duly jirojiortioncd, its expansion 
will be such, that the distance of oscillation from the point 
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of suspension will be always the same ; and therefore, what- 
ever may be the variation of temperature, the pendulum will 
beat seconds,* 

The fifridiron pendulum was invented by Mr. John Har- 
rison, ayd is a very inj^eriious and useful instrument. It is 
well kno^vn, that the diflereiit metals and metallic allr)ys 
evpand va^ably under the* mfluence of the same tempera- 
ture : it is therefore evident, that bars of diflereiit metals 
may be so arranged as to correct eaih other's expansion 
when us#(l in the construction of jienduluiiis. 

fig. 7. Let G, fig, 7, be the ball of a pendu- 

lum, and S the ])oint of susjicnsion. 
A, B, C, 1) is a steel frame, to which is 
attaelied the rod S, F ; and n, h, c, d is a 
frame of some other metal, and is at- 
tached to the rod i\ 1) al the points c, d. 
At 'I', the rod T, G is susjiended, pass- 
ing freely through an aperture at IT. Now, 
if the te^njierature be raised, the frame 
A, B, (> I.) will dibite downwards, that 
is, C, 1 ) will be carried further from* the 
point S if tlie mass of tlu^ ])cndu- 

lum be thus brought downwards, it will 
no longer beat seconds. ^ But the frame 
fl, b, c, d is also expanded, and the ex- 
jiansion is upwards ; so that wlule (J, D is lowered, o, b will 
be raided. Now, if wc supixise «, b to be raised as much as 
tJ* 1) is lowered, the distance of a, b from S will remain 
unchanged. But the increase of temperature which expands 
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the other jijirt of the instrument, exymnds the rod T, G, and 
therefore the distance between (i and T is j)reser\Td. Now 
looking at the instriiineiit generally, we cd)serve that 
SF, AC, IVi, when e\])anded liy a rise of temperature, 
would tend to increase the distance between S and^G; tiiat 
is, the })oint of Kuspension and the l)ob. 'I'o jwevciit tins, 

* we must make the frame e, ff, d of such a* ine/al, that its 
expansion upwards may exactly neutralize the combined 
downward expansions, and thus tin* distance between S and 
G will be preserved. 

We have hitherto s])oken of ])endulurns as vibrating in 
the arc of a circle, but tliero is a mat hemal ical curve called a 
cycloid, and if the hoh of a pendulum could be made to vi- 
brate in it, its oscillations would a*ll be performed in equal 
times, whatever the length of the are. 

'Ilie cycloid is tiiat curve whicli is formed by the revolu- 
tion of any ])oint on the circumference of a circle, the circle 
itself being made to revolve on a jllane. There are soiue 
very remarkable j)riiici])leK wliie^ might be mentioned in re- 
ference to this curve. Of idl ])atiis not in a straight lW*.e, the 
cycloid is that }n which a 'body can pass the most readily 
from one point to anotiicr. Tiie right line is of course the , 
shortest path between two bodies, and if a man in a balloon 
could throw a stone to some p«>int on earth in thf sijportest 
path, he wtiiild cause it take the direction of a right line, but 
if he wislied to throw the stone in the line of shortest descent, 
it must be made to move in the cycloidal curve, for iUwould 
not only reach its destination sooner, but would strike the ob- 
ject Aritli greater energy. The study of the mathematics Ims 
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tiiiifflit man this truth, and instinct has tau«:rht the falcons to 
jly in this curve; and it is in consequence of their flyinfj in 
a cycloid when attackinpf their jjrey, that they possess so 
•rreat a velocity, and strike with so ^reat a force. 

Ingenious mechanics have attempted, for the reasons 
alicady stated, to cause the j)Ciiduluin to vibrate in this 
curve; hut^ hitherto with tiltle success; for so few of the 
praciical difliculties have been removed, that it is not proba- 
ble this desirable objec^t wiU ever be accomplished. 


CENTRE OF GRAVITY. 

'riuTC is a ])oint in eveiy body, whatever may bo its form, 
•>n wljich, if a force were exerted equal to the sum of all the 
ft)rcos aetintjj on the component parts, it would he in equi- 
iibrio : this ])oinl is called the centre of gravity. 

It inu'tl liave been oTiserved, that bodies will not rest 
niilitrcrently upon any jiuiiit. ^ A sipiare bloek for instance is 
>n|)iK?N|^d with ditlif ulty up%n one of its edt^es, and if we 
should succeed in placing it in lliat ])ositioTi, the slightest 
4igitation of the surface on whicH it rests will cause it^to fall 
uj>oij one of its sides, in which ])osition in will remain quite 
stable, ^riie body was not firmly sujqiorted iji the first in- 
' stance, heeaii^e the centre of g^a^^ty was not sustained. 

I’he equilibrium of any body resting on a surface, or 
puitit, m'*y he stable, instable, or neutral. A body is always 
stable when the centre of gravity is below the axis of the 
body, and instable when it is above the axis. If a body in 
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eqiiilil)rio be moved from one position to another without 
aitemj)tin^ to return to any particular jdace, it is said to have 
a neutral equilibrium. "Jins is the (rase witii a perfectly 
round homofrcneous body: it may be jdaced uj)on any ]>arl 
of its surface without attein])tinjr to chanjre its base, 

The centre of f>:raiity of some bodies may be very readily 
determined. Take a piece of card-1)oard and c\\K it into the 
shape of a triangle. Suspend it from any two ])oints suc- 
cessively, and each time mark the situation of the verticr.l 
line as given by a ])luinrnet. The point where thesv lines in- 
UTscct each other is the centre of gravity ; and each* line is 
called a line of the direction of llie c<‘ntre of gravity, for tlu\, 
centre will be found in some part of it. 

Tlie centre of gravity of homogeneous bodies of regular 
shapes is alv/ays in their centres. 1 o find the centre of 
gra\’ity of a imrjillclogram, it is only necessary to draw tw’n 
diagonal lines, and each divides the figure into two equal 
parts. 'Flu* jmint of their intersection i.s the centre of tlie 
figure, and the centre of gravitJ^ 

llie centre of gravity of tf/linclers with parallff; bases, 
whether hollow or solid, is in the axis, and in that part of 
the axv« which would he cift by dividing the cylinder into, 
two equal parts. Idle centre of gravity of a body is not 
always in the J»ody. In the instance of a hollo^y c^flinder it 
is in the axis ; and in a circular ring in the centre from which 
the circle is drawn. 

In considering the equilibrium of a body on its «eentrc of 
gravity, it is usual to suppose it perfectly rigid, havinf^ 
neither elasticity or compressibility, or in other words, that 
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its particles are in a state of absolute immobility in rela- 
tion to each other. But this is not by any means the case. 
\ perfectly rcfirular homogeneous iiar of iron may have its 
centre of gravity in the middle, but when it is supjiorted on 
that point* it will bend, because of its elasticity ; the centre 
of gravity will, in consequence, be moved, and the equili- 
hriuiii be rflestt*oyed. In theor}" this may be disregarded, 
but in practice must be estimati‘d. 

Wc have spoken of three conditions of equilibrium as re- 
sulting from the siqiport of the c(‘ntrc of gravity ; stable, 
iiistabTc, or neutral. Take a circular disc, and attach to it a 
hand which is able to move freely round, and may be placed 
in any ])ositJon. Now in order that the needle may he in 
cquilihriiim, it must !)e ])laced in a liiui of the direction of 
the centre of gravity. When it is in the vertical line, but 
above the axis, the slightest a]l.oratit)n of j)ositi()n will en- 
tirely destroy the equilibrium. But if it he jdaced beneath 
• ^ 

the. axis* it niay be removed on either side of the line, and it 
will ouickly regain its ]K)sitV>n. In the former case we have 
an iiiSance of instable, in ftie latter of stable equilibrium. 

A l>ody is in a state of neutral equilibrium^ when the centre 
• of gravity is at an equal ^dis^aRce from every part o^the sur- 
face. A .s])lierc, if formed of uniform materials, will be in a 
state o£ i^utral equilibrium, for its centre gravity would 
be ecpially distant from every jiart of the surface, and there- 
fore, if set in motion the centre of gravity will be always 
parallel to the jilanc on wliicb it moves. But if the sphere 
he coin])osed of a substance of unequal density, or if the 
centre of gravity be not in the centre, then its stable equili. 
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brium will be in that point where the centre is nearest lo 
the ])lane on which it rests. 

'llie stability of C(juilibriutu will also greatly depend on the 
extent of Iwise, and upon the ])Osition of the ])crpendic*ular 
line drawn from the centre of fjfravity. As loiif^ as this line 
falls within the base ecjiiilibriuin will be maintained, but as 
'soon as it is without, the eqiiilibriinn will be ' desl^’oyed. It 
must, therefore, follow that the greater the extent of the 
base, the more the centre of grjivity may be moved without 
destroyinfT the equilibrium. 

Fig. 8. JjCt fig. 8 rejwesent a tower : a is the 



centre of gravity ; « c is tlie line of 
direction, and it falls within the base : 
therefore tlic tower is in ecjuilibrium, 
because the centre of gravity is sup- 
ported. But add to the height of the 
tower, so that h may be the centre of 
gravity, and the tower must netessarily 
fall. 


"Ilie feats of ro]>c dancers at*d other mountebaifks are 
performed by ktfei)ing the centre of gravity within a small 

I 

base. tree is supported Viecause the line of direction ^ 


falls within the extent of base formed by its roots ^ but 


the branches elasticity, often with 


Uieir own weight, and the tree in c‘onscqueiu’(‘ be placed in 
a state of such instable equilibrium that it is easily uprf)Otc*(l 


by a violent wind. 

When a body is suj)])orted on two or more jioints, the line 
of direction must fall between them. A carriage for instance. 
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lic'injr supported l)y two wheels, the line of direction must 
fall lu'tween them, or the equilihrium will he destroyed. It 
js e>:cet‘ding]5' dangerous to load a coach, or a Avaggon, to a 
irrcat height, for if it should have to j)ass over any ])l€ice 
where the wh(‘els on one side are much above those on the 
t)lher, the line of direction may he thrown out of the base, 
and tlie caijiagw must be overturned. 

Tile centre of gravity in the hiuiian body is always in the 
jielvis, between the liips, the ossa jiubis, and the lower jiarl 
nf the ba«k lione. When the arms or legs are thrown U])- 
ward-,^,he centre of graAaty is slightly elevated. If a man 
has i(»t a leg the line of direction falls upon his foot; a man 
with two legs has it hetAveen his feet. It is because the base 
is largiT in tlie latter instance than in the former, that the 
eijudibriuin of a man Avith two legs is more stable than that 
<Tf a man with one. When Ave walk the line of direction is 
throAvii from ont* leg to the other, and the centre of gravitx 
is raised«as the leg is elevated, and eonsecjiiently passes 
through a gentle undulation., Hut when tliere are no knet 
jomt.s^ie centre of gravity-^ more elevated, and describe^ 
aj c\'. of a circle. 

• Qnadnijieds do not raise ei ;li?r pair of legs logetlAr, foi 
the centre of gravity would then be unsii])])orted, and the 
animal A^jjnj^d fall. By raising one of the fror*, and one of 
the hind Ji*gs together, the centre is supported, and the sta- 
*»ihty of the animal secured. Many iillier exam])les of the 
tacts we haA'e stated in relation to the centre of gravity might 
'•e mentioned, but these will probably be suHlcicnt to illus- 
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trate the general jmnciples of this important branch of me- 
chanics. 


ACTION AND REACTION. 

Having illustrated the first two of those ])rinciples called 
the laws of motion, wc may now proceed to flcin^nstrate the 
third : — “ Action must always he equal and contrary to re- 
action ; or the actions of two bodies on each other must be 

« 

equal, and directed towards contrary sides.’’ » 

The whole doctrine of action and reaetitm may l)e^ said to 
depend on the inertia of matter. All matter being in itself 
passive and under the influence of forces, we may always 
])redict the state that will be induced ])y a knowledge of the 
forces which will o})erate. This statement is beautifully illus- 
trated by the results of the impact of liodies under all cir- 
cumstances. Tliere arc three ways in wdiich bodies may be 
brought into collision, and an example of each may be 
given. ^ 

When a body in motion imjxnges on a body at the 
motion is divided between two, according to their masses. 
Let usfLSUppose that a ball ntoving with a velocity eiiual tu 

t ( 

two, strikes another of etjual mass, the motion will not be 
destroyed but^ (^(pially divided, and both will i^oye witlj a 
velocity equal to one. » 

If the ball at rest should be four times as large as that in 
motion, the motion will still be divided between them accord- 
ing to their masses ; that at rest will take four-fifths, and the 
other retain one-fifth. 
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To show how these results may he anticipated from the 
inertia of matter is hardly necessary. I'here is a certain 
amount of motion produced, and it can neither ])e increased 
nor decreased by imjiact except so far as is reciuired to over- 
come the friction of the body at rest, and the resistance of 
the atinosj)hcre. “ Motion is not ade<piately estimated by 
speed or veJjDcity. For exanSple, a mass A moving at a deter- 
ininate rate has a certain quantity of motion. If another equrd 
mass li be added to A, and a similar velocity be given to it, 
.V. imicli Aiiore motion will evidently be called into existence, 
111 odiPr words, the two equal masses A and 11 united have 
as raueh motion as the single mass A had when mov- 
ing al<»ne, and with the same speed. The same reasoning 
will shc.)vv that three eipiai masses will with the same sjieed 
iiave three times the motion of any one of them. In general, 
Dicrefore, the velocity being the same, the quantity of motion 
will always be increased or diminished in the same jiroportion 
as the mass 'moved is increased or dimiiiishecl. On the other 
hand the (piaiitity of motior^ does not depend on the mass 
only, ^.nt also on the s])eed.« If a certain determinate mass 
move with a certain determinate sjieed, another equal mass 
^wliich nio\ es with twice the ,^#ed, that is, wdiich nio^s over 
twice the s])ace in the same time, will have twice the quan- 
tity of ^jio^on. In this manner, the mass b^'ing the same, 
the quaTj(,ity rf)f motion will increase or diminish in the same 
proj)oitii)ii as the velocity.” It is, then, to the momentum of 
a body rtiat we must refer for a proper estimate of the quan- 
tity of motion. 

The transfer of motion from one body to another may also 
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he sseen in the impact of two mass(\s moving? in opjwsite 
directions. 

Let us take the simplest case, two equal masses havinf^ 
the same velocity and moving in opposite directions. At the* 
moment of collision each parts with its motion, the one 
neutralizing that of the other, and producing rest. 'I'hat 
which is moving towards the right is met hy^ that mov- 
ing t«>wards the left, and receives an impact in the o])]»o- 
site direction equal to its own ]>n)])er motion. Eacli hall in 
fact is in a condition rcscinhling that i)f a jioint a<*tcd u])on 
hy two equal forces in opjmsite directions. 

If the two masses have not the same momentum, motion 
is continued, but the direction in one mass is <*hanged. 

A and 11 be two halls, the momentum of the former being IG, 
that of the latter 12; the motion of 11 is neutralized, and 
twelve jiarts of the motion of A ; four h(»wev(‘r remain, whicli* 
are ])ro])orrumed between the bodies, aceording to their 
masses, and they consccpiently move together in the Jireetion 
that A had prex'ions to eontaet., 

There is yet one other case o£ action and reaction, ^^cUat in 
which two bodi^fs are moving in the same direetion. It 
not hoover necessary to givd'examples of this, as the princi- 
])les referred to in the others may he easily a]iplied by the 
reader ; and wp will pass on to mention a few faqiili^r illus- 
trations. 

Tliat the mrmientiim depends on the mass and A'elocily 
conjointly, may he jiroved hy the eflfects ])rodnccd hj hodi*'?- 
M'hich differ in hulk and motion. A shij) of war float 
ing down a river has hut little velocity, yet from its hulk 
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or mass it has so great a inomentum that a boat sailing with 
consiflerablc velocity might be crushetl by collision. So a 
man with a heavy load walking slowly strikes against any 
t>hstac le with a force as great, or perha])s greater, than if he 
were walking very fast without a load. And on the other 
hand a Jad whose bulk of body is but small may have a great 
nioineiitiim J*roijj the velocif)* with which he is running. 

Almost every jicrson must remember instances in which 
lu' has suffered from the practical illustration of action and 
? I action. •Standing j)crha])s in the streets of London, he has 
suddenl^" hmnd his centre of gravity disturbed by a violent 
])li>\v from some clumsy porter, w'hose inomentum, undei 
such circumstances, always suHicient, was greatly increased 
hy the Inirdt n he carried. At other times he may have in- 
rtently come into collision with a hurried messenger 
running at full sjiecd. The violence of the shock that w'^ould 
l>e received in the latter case is much greater than might he 
auticipateii, f(»r w'hen t\\^> ]>ersons meet each other in this 
way, each n'ccives a hhnv ^cpial to the sum of the forces. 
Su|ipo?ft.jg for instance that two ]»ersons moving in opposite 
directions come in contact, one w'alking at the rate of fenir 
tjiiles an hour, the other running at theVite of six ; ea^h w’ill 
surter the same shock as if the other had rushed upou him 
when at jest, at a rate of ten miles an hour. 


u 
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HYDROSTATICS. 

INTKO IJUt TOR V R EM ARKS. 

The sciences which teach the properties of liquids, and the 
forces produced hy them when at rest and in motion, must ht- 
of the jiT^'atest importance to cvQty state of society^ and es))p- 
cially to one so far advanced in tlie arts and comforts of lift' 
as that w^hich exists ainonj^ inriiy nations in the pra-xint day. 
AVhat would l»e the condition of London or any other lar^i^ 

niercgjitile town, without ks pipes, pumps, water engine, 

« , 

and canals. The advance of practiced mechanics has in sonit' 
measure destroyed the necessity of tan entire dc])eiulj^ncc u])on 
water as a mechanical power and a means of ^oraynunicatiorf’ 
between distant places, hut it can never render the knowledge 
of hydrostatieal princijdes of secondar)' iin]>ortanc(». 

Hie explanation of the j)henonicna presented by liquids, 
of wdiich water is a tyj)c, belongs to three sciences ; — Hydro- 
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siatics, Hydrodynamics, and Hydraulics. The science of 
Hydrostfitics relates to the e(|iiilibriuni of fluids. Hydro- 
dynamics to the motion of water, and the nature of the forces 
producing that motion. The science of Hydraulics exjdains 
llic construction and uses of those instruments in which 
water is either the moving power or the weif^ht. It will not 
\ic ne(‘essarj for«us in the remarks to be made in this chaj)- 
ter, to support a systematical arrangement. Our only object 
i.s to state the elementar)' facts of these sciences in as simple 
and intelligible a manner as possible. 

A lliifd is said to be a collection of matiTial particles which 
may be considered as infinitely small, and as moving freely 
among each other in every direction without friction. There 
are two kinds of fluids ; gases and licpiids, and they difier in 
}>hysical constitution. A gas or vajiour has a great tendency 
(7) expand when its temjicrature is increased, or the jiressure 
acting upon it is removed ; it is ec»iisei|uently called an elastic 
l*uid. Lkjurds have not* this projicity, the two antagonist 
forces, attraction and rcindsijpn, are so excellently balanced 
that Siil^ir bulk is not changeri by any alteration in their })liy- 
sieal condition — they are consequently called non-elasfic 
fluids. 

A great deal has been "saucl and written by jihilosophers 
eoiieernjjig^the nature of fluidity, and much ^uorc? will pro- 
bably be ^idvanccd before any conclusive evidence of truth 
can he obtained. Hie cause of fluidity has been determined. 
Heat is tin? great agc'nt by which every change in the consti- 
tution of bodies is jicrfonncd. But the nature of fluidity can 
only be ascertained by discovering the actud form and con- 

H 2 
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dition of tlit* ultimate particles of matter when in that state. 
It is a common opinion that the ])articleK of fluids are s})he- 
rical, hard, and with ])olishcd surfaces. This su])position ha^ 
been «Mitcrtained because an fissernbla|xe of spheres will touch 
each other in the fewest possible ]H>ints, and conseciucntly 
have the least friction, for frictiim is according to the sur- 
faces ; and also because a ^reatelf number of spl^cres may be 
})acked in a |xiven bulk, than liodies of any other form. Al- 
lowinff that the particles have ])o]ishcd surfaces and are h«ird, 
the theory will he still insudicient to explain the, nature of 
fluidity. The s])hcrical form is not under ail circuiljstance> 
tlie most susceptible of motion. A series of niarldes upon 
floor have, it is true, a great sus(*(‘ptil)ility to motion ; but 
after having carefully pla<‘cd together nine or twelve, pile 
others 14)011 them, and another series on them : there will 
then be little tendency to motion, for the inarliles of evcA' 
series above the base will fall into the cavities between tin 
contiguous ones of those which kre below. *Th'^ circulai 
form of the ultimate jiarticles, so far from accounting for flu 
idity by a diminution of friction, wcnild be sullicieiit ofifviself to 
destroy that eijuablc motion for which all fluids are remark- 
able. ^^Tluidity is ocdfisionetk by heat, and both liipiids aiuj 
gases derive their extreme mobiliVy from the reiiulsive force 
until which the particles act on each other, and not fijiiin their 
s])herical form. , 

In a subsequent jiart of this work we shall have occasion 
to speak fully of the agency of lieat in producing fluidit) , 
and it will not therefore be nece.ssiu’y to say much on the sub- 
ject at present. It is well known that nearly all solid bocli^'^ 
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may be rendered fluid by lieat, and in the process they al)- 
sorb, if we may be permitted t«) use the term, a larjre ])()rtion 
which is ap])fo]>riated to the constitution of the new condi- 
tion of matter, and is not sensible to the touch or to the 
therTnoTiieter. 'Jliere are, liowe\'er, some siibstanccs which 
are ])ermHneiitly fluid at common temjieratures, hut maybe 
reduced to tjie i*olid state f>y a reduction of sensible heat. 
'I'he fluidity of these substances also arises from the j)Osses- 
sioii (»f constituent caloric. 

Jj(|uids»aiid ^ases are distiiiiruished from each other in 
])hysiL'af properties, hy the diflerent degrees of compression 
of which they are eajwihle. 

llic elastic fluids, that is the gases and va]K)urs, may be 
t'asily forced, by j)ressure, into a loss bulk than they assume 
under ordinary circumstances. If a condensing syringe be 
attiiiclied to a strong metallic vessel, a nmcli larger (|uantity 
(»f air than it holds under the common ]>ressure of the atmos- 
|)here may be forced inlo*it. I'liis process may be carried 
on until the expansion of thefoniained air shall be equal to 
many jc.mosjdieres, rind at lust overcome the cohesive force 
of the V(‘ssel. 

^ Ij(*t us now see what is thi^result ?vith water. Ijll the 
brass vessel and syringe used in the former ex[)eriment with 
water, a^d ^.hen attempt to compress the liquijl in the vessel 
'^hy forcing ’mt« it some of that in the syringe. The attempt is 
made in vain, for the piston roil will now refuse to go down, 
being resisted l)y the water in the \ essel. From this simple 
experiment we asccrtJiin that water is not capable of compres- 
sion under common forces, and in practice it may be consi- 



102 


THE Fl-OKENTINE EXPERIMENT. 


(iered altogether destitute of that i)roperty. Recent experi- 
ments have i)roved that when water is subjected to enormous 
})ressure, it may be forced into a smaller bulk ; but how great 
that pressure must T»c, may be deduced from the fact that the 
Florentine academicians filled a hollow globe of gold with 
water, and by a great mechanical force endeavoured to intro- 
duce a screw into the vessel, buVthe water, Ratluir than suHer 
coinjiression, jiassed through the. pores of the metal. From 
this result, says a gentleman, wcW accpiainte.d with the sci- 
ence we are ex])laining,it was inferred that water is ku!om])res- 
siblc; but there arc a variety of reasons for conchidint^ that no 
substance ])osHessps absolute incompressibility, for the most 
dense solid bodies arc known to have pores; Jind that there ffre 
interstices between the particles of water is obvious from iIk- 
possi1)ility of adding solid matter to it without increasing its 
bulk. Resides which the Florentine experiment was incon- 
clusive, or rather, •would seem to lead to an oj)posilc ctmclu- 
sion, because it must be recollected that the introduction of 
the screw changed the interi^w figure of the globe, and di- 
minished the volume of the tiaid it contained; aiA'itwas 
therefore incuvibent on the academicians to have shown that 
the qiv\ntity of wjitcr which ‘exuded through the globe u'a*’. 
equal to this diminution of volume ; for if the quantity were 
less, it is ohyious that the water must have ^ undergone 
some degree of comjiression, and consequently the. inference 
cannot he relied on. 

In the present day we need not refer to the experiment of 
the academicians to determine %vhether water be callable of 
compression. The experiments of Canton and Perkins clearly 
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(‘stfiblish the existence of this proi)ert}% thoufj^h it is so small 
III (le;?ree that wc may still term liquids incoinjiressihlc fluids, 
for they are strictly so under all common ])rcssurcs. 

THE SURPACR OF A LIQUID IS ALWAYS LEVEL. 

• 

It is one of the most obvious and important principles of 
Hydrostatit’jdi, that the surlaces of liquids always maintain a 
perfect level. 'I’liose who have sti>od by the sea side when 
flic water has been undisturbed Jiy the jiassint^ breeze, or 
the noisy»{Tale, must havi* obscn’c*d the beautifully level sur- 
face winch it ])resents. AVheu the winds are huvshed and no 
ajjfitatinjr force is iqxm it, there is no attempt in one jiart to 
rise and in another to fall, llie bark that ])l()ws its furrow 
on the surface is unahle to frive ]HTmanencc to its path, for 

the adjacent waters flow in and fill up the channel. So when 

• 

the, waters of the ocean are disturhed liy the wind which 
passes under their surface, they are restless under its restraint 
and e\'ej*J- fallinjr wave seeks to arrant^e itself in a horizontal 
plai^. Tlicsc ajipcarances *'esult from what is called the 
t^(‘iierai tendency of rajuids maintain their level. 

But when we s])eak of the surface of liquids as heinjr per- 

tfrctly level, wc do not mean th!lt the ocean is an hcirizontal 

• • 

plane, for it is influenced hy terrestrial p*avitation which does 
not act#n ^larallel lines, and therefore it must^ecessarily par- 
take of , the general convexity of the earth. The centrifuj^al 
force has also some, influence in the production of this effect. 
When ilie surface of any mass of water is extensive, the con- 
vexity must he estimated, but when only of slight extent it 
may he considered as a ]»lane. 



101 


CONDITION OF EQUlLimUUM. 


In cuttinfX canals which extt'nd ox er a larf^e track of coun- 
try it is necessary to take into calculation the deflexion from 
the horizontal plane whieli is about ei^^ht inches in a mile. 
'Iliis deflexion increases as the squaic of the distance, and 
eonseciuenlly will be 8x4, or 32 inches at a distance of two 
miles, and 8 x 9, or 72 inches at a distance oi three miles, 
and so on. " • 

I 

When we investi^rated the conditions of e<]\iilibriuin of 
solids, it W'as stated that a body acted uj)ori by two ccjiial 
forces in opjiositc directions, is kept at rest. Tlius a 
body maybe influenced by the force of gravity, and*die re- 
sistance of the ])]ane on which h is siipjxirtcd. I'liese forces 
exerting an ecjual jiower in a contrary dirt'ction, the body is 
kept in ecuiilibriuin. We may also suj)})ose the same sub- 
stance to be aeted upon by other for(*cs, and still it will con- 
tinue at rest if tlicy lie only e(jual and ojiposite. liut it 
otherwise with a fluid, it has only one condition of equili- 
brium, and that is when the force is impressed in every direc- 
tion. If wc suj)j)ose a fluid to be acted uj»oii by two forces 
it is evident they can only projhice motion, that is aar-'' elon- 
fratioii of the mass in a direttion at right angles to the forces, 
'riius if^a bladder com ainingi water be jiressed in two parts^, 
o])positc to each (>ther witii forf:es Inch are ecjual, the com- 
pression wnll cause the bladder to extend in a direction at 
right angles to the jxiints of pressure. A fluid, therefore to 
he in equilibrium must be jiressed with e(|ual force in every 
direction, and consequently the surfaces of fluids «at rest 
must always be jierfectly level. 

It is by the operation of this principle that we arc 
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.'ll lie to convey water in pipes from one ])lace to another, 
if no jiart of the jiipc rise hif^her than the surface of the 
wjiti'r in the reservoir. l^t us for instance fill with 
\\*at(T a ATssel, havinfj first attached a small tube, of greater 
length tjian the vessel, and Jet this tube be furnished 
Avitli a sto])cock. If avc make a commuuicfition between 
the tulic arid the cylinder by turning the sto])Cock, the 
water will be driven into the former with considerable 
velocity, and owing t<j the momiMiUim, it will for an instant 
rise somewliat higher than the level of its source, hut soon 
siiliside and settle on a level witli the lluid in the vessel ; and 
the sam(‘ will he observed at whatever degree of elevation the 
ttilu’ may be jilaeed. If we take a tube having a number of 
bends, instead of one that is straight, and ])laee the finger 
upon the. end, when the slo])coek is turned, the fluid will 
(Uily rise to a certain height, less than that which is neces- 
sary to comiilete tlie le\'el, aiul governed by the elastic force 
of the condensed air ; tliat is, it will rise till the elastic force 
^'f coiidensi'd air is a eou^tcrjioise to the pressure exerted 
hy the' liquid column. Whfn the air is allowed to escape, 
the fluid will rise liigher, but will not rise to ks proper level, 
iin account of a ]>ortioii of uir^lH ing still left in the sinuosities 
of the tube. Now this is precisely what bapjiens in the com- 
mon wjj^tejj jiipes of our cities, and is the r^gl cause of the 
ohstruettpu tff the flow' of water, which sorii(‘times happens ; 
on account of the lightness of air it ahvays ascends to the 
upp^r hftids of the ]nj>es, and these arc the places, therefore, 
Avhere it must be let ott‘. This has been accomplished by an 
arrangement proposed by Mr. Stf'vens, wdio ajiplied a float 
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which acts upon a lever. Wlien water is in the ])ij)es the float 
is raised, and the lever closes the aperture. When air is j)re- 
sent the float is low, and the lever o))ens the aperture, givinjjf 
out the enclosed air. 

It has been stated that the Romans were unacf|uainted 
with the law, that fluids rise to the level of their source, and 
consequently with the use of ])iile*s. But thi#5 is/-ertainly an 
error, for we have no ri^ht to deduce such a supjiosition from 
the fact of their havinjr built larj^e aqueducts ; and inde])en- 
dent of this, the i)rinciple is stated by some of tke ancient 
philoso] fliers and several of the Latin j)oets “ have Villuded 
to water pip(*s as beiiiit employed. The real cause of their 
unfrequent use is perha]>s to he found in the eirciimstance 
that the materieJs for their construction could not be readily 
oblaiiie<l. 

Professor Leslie, in his Natural Philosophy, makes the 
followin^T remarks u])on the use of ])i])es amon^ the Romans. 
In the Physical (cabinet of the University of EdiiThurp^h is 
now de])osited a sj)ccimen o^ ancient leaden i)ipe lately 
brouf^ht from Rome, where it «had ])een du^ u]> am<<^^ lh(' 
rufhs of the paVicc of tlie cfa*sars. It bears an inscription in 
raised k'ttcrs intimating the ^^ame of the jflumher, and tha 
year of the reign of the Emperor Jhnnitifin. Though only 
sixteen inches^ long, and nine and half in girL it|, weighs 
twenty-two and a half ])ounds avoirdupoise ; sa that the lead 
must be verj' nearly half an inch thick. The. ]flpe is slightly 
curved and rudely formed into merely a flattened frv’al, tw<) 

' l'Iiii,\, Piillsidiiis, A^itruvius, Acc. 

® Ilorut. Kpisil. i. x. 2U. Ovid. Mctinii. iv. 120. 
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inches and a half broad, and one and a quarter wide ; the 
joining ed^^e lieinjj filled by a quantity of melted solder run 
iilun^ both in?«ide and outside. Hie section corresponds to 
ji circular orifice of one iiicli and seven-ei/^hths diameter. 

In the construction of canals the engineer has mainly to 
consider the law to which we have just referred. Canals a])- 
pcar to have begii formed M China and K^yi)t at a very re- 
mote ])eriod. The Romans learned the art of constructirifr 
them from the E*r} |)tians, and introduced them in various 
jifirts of their extended dominion. Tliis ])eo])le introduced 
them #^1 England in the fenny districts east of the river 
'rrent. At first they were only formed upon extended levels, 
and land carriage was consequently necessary to connect 
them with each other or with rivers. This ^reat incon- 
venience led to an enquiry whether some means mif^ht not 
'l>e adojited hy which an ascent could he overcome. 

'I’he first lock iqijiears to have been erected in the year 
liSs, upon the Rre.ntii niji^li i^adua, and iiiinuxliately after 

that period the tAvo canals at Milan, helween which there 

^ * 

was u fall of nearly thirty ifour feet were joined hy means 
of six locks. • 

When the communieatioii»het.wecA naA'if^ahle streams is 
interrupted, whether hy ^intervention of risin^r ground, cata- 
racts, ffr ^a]>ids, great inconvenience is nec^essarily exjieri- 
eiiced. ^ SoTOetimes the goods must he carried from one 
place to another. In many jiarts of North America merchan- 
dise and boats are thus conveyed, as at the falls of Mohawk 
to Wood Creek; and in Scotland from Loch Lomond to 
Loch Calcriiie. Sometimes howex er the empty boats may be 
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drawn up a rapid, or the ra])ids may he rendered navigable 
by contraction. Another plan is to stop the water of a river 
for a time, and then to let it olF so as to occasion an artificial 
flood. 

The land carriage is also prevented by ponts mix rouleaux. 
or inclined jilanes uHith rollers at short distances, over which, 
by means of a water wheel, the 'boats are liftetl^ up to the 
edge se})arating the two waters, and aftenvaids launched 
into the stream again. 

The importance of canal navigation is now decreasing 
rapidly in consequence of the estal>lishinent of rAlways. 
'Ihere are some situations in which an inland communication ^ 
is most advantageously established by canals ; but generally 
speaking, canals are less desirable than railways. The expense 
which attends their formation, and the diniculties often expe- 
rienced in procuring a fidl and regular supply of water, are ob- 
stacles to their establishment. In the construction of canals 
and railways it is a ]irincij)al object to avoid the frictkin expe- 
rienced upon common roads, (’f nal transit has the great in- 
convenience of a resisting mediuen acting against the d/^ght 
in tlie inverse ratio of the velocity of the boat, 'flie sj)eed of 
canal navigation must^always*<»e limited, in consequence of*, 
the destruction of the hanks from a rapid motion. This 
must be a great obstacle against the conveyance pf passen- 
gers; and as the speedy transit of goods as w&ll a^ ])a8sen- 
gers, is now of imi)ortance, there can he no doubt that canal 
navigation must ultimately giA^e way to the cstablishttient of 
railways, llie comparative facility of loading and unloading 
carriages is also favourable to the choice of railway tralBc. 
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It has long been a maxim with those best acquainted with 
c;oinmercial affairs, that the amount of trade is always in pro- 
portion to the facility of intercourse ; and as the necessity for 
lal)our increases with the jirospcrity of the manufactures, the 
oslablishinent of railways can only be considered as* one of 
the best practical results of science, and that which will ever 
distinguish^ the, present agf. The expense attending the 
formation of railways, and the imperfection of the early plans 
delayed their introduction in this country ; but now that the 
|)rinci])l(**i are tlioroughly understood, and exiieriment has 
iinprofed the early ]iractice, the time cannot be far distant 
when all the Ifirge towns in the kingdom will be provided 
with the easy communication they ofler. 

Brt although the practical irn])ortance of Hydrostatics, 
and ('specially of that principle to wdiich we have referred, 
may become of less im})ortance so far as concerns the con- 
struction of canals as a general means of traffic ; yet there 
arc situations in w'hich*rail\vays cannot be estabhshed with 


jjroj^riety, and canals must the only means of communi- 


catio'l. 'rhere art many ]«uq)oses independent of this, to 
wiiicli the great law of fluids maintaining their level ma]^ be 


^,a|)])licd; wc shall however corftent ourselves by the snention 
of one, the conveyance ot water for the supply of large towms. 


A shoij aljstract of the history of the water-^^J□rks in the city 
of Edinj^urgh may be interesting. A more detailed account 


of this and other similar works may be found in Mr. Mat- 


thews’s^Hydraulia. 


“ The city of Edinburgh being chiefly erected on eminen- 


many of its inhabitants formerly experienced great diffi- 
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culties in obtaining a plenty of good water for common do- 
mestic use, and hence originated an attem])t, in lC81,to 
procure a supidy that should be adequate to their wants. 
ITie method adopted for this purpose consisted of a train of 
leaden ])ii)es, three inches in diameter, and 13,520 feet in 
length, to convey it from the village of Con list on to a reser- 
voir constnicted on He riot’s ridjfc. As thesjc pines eventu- 
ally proved too small for their olyect, the defect occasioned 
the laying down of another train, in 1722, having a diameter 
of four inches ; but during the subseipient fifty years, the 
population progressively increased, and consequently rt?quired 
a proportionate addition to the supply, which induced the 
magistrates, in 1787, to adopt a main of iron ])ij>es, five inches 
in diameter, lliough this measure had the effect of aug- 
menting the quantity of water ; nevertheless the introduc- 
tion of various improvements and the erection of buildings,” 
rendered it necessary to have recourse to some other springs 
at a greater distance from the city. ‘ In I7t)0 ah a^dditional 
main of iron [hpes, seven inches in diameter, was therefore' 
laid down, to convey water frcj^n Green Craig to the Castle 
IliH, at an expense of 20,000/. ; and this source furnished 
about ^0,C40 cubic feet in l&ic course of every twenty-four^ 
hours.” 

In the year 1810 it was found that the supply q,f water 
was not sufficient to satisfy the wants of the inhabitants of 
Edinburgh, and a committee was formed to consider what 
means could he adopted to jironde the quantity wsquired. 
After an accurate examination of the surrounding country 
it was determined that the water must be brought from 


I 
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the Crawley Springs, on the south side of the Pentland 
Hills, seven miles distant from the city; and that, to 
secure a sufficient (quantity of water, under all circum- 
stances it was desirable to collect that issuing from some 
springs on the north side of the Pentlands by lateral con- 
duits. The spring head is 3C() feet higher than the highest 
street in KdinJ^urgh. cistern at Crawley Springs is 

forty-five feet long, fifteen wide, and six <lecp. Connected 
with tliis are various reservoirs for the suj)ply of different 
jiarts of the town ; one of them is on Heriot’s Green, hav- 
ing a ftrcular form, and contaiiiing a basin thirty feet in dia- 
ineler, with a depth of ten feet. It is about 2/0 feet below 
the fountain head. Another resert'oir, constructed on the 
Castle Hill, has a length of forty-three feet, by a width of 
twenty-eight feet, with a depth of seven feet six inches ; the 
“site of this is about 230 feet below the fountain head, and its 
altitude forty feet above the other. It su})plies the Northern 
districts^ofl^hlinburgh.^ 

From this account it may be gathered that the work is 
but ap})lication of the ^irinciple, liquids will always rise 
to the level of their sources. Give water a liberty of motion 
through a pipe which is always at a leVel beneath thq bottom 
of the reserx'^oir in whiMi il is contained, and it will flow 
axvay ;^J>ut if the pipe rises to the same height as the top of 
the resen^oir, the xvaier will rise in the pijie to the same level 
fus it has at that lime in the resen^oir, although the bulk at 
one teraninus may be much greater than at the other. So in 
the conveyance of water from any place for the supply of a 
town, it is only necessary that the source should be at an 
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equal or slightly greater elevation than the highest ])lace to 
be su])plied. 

We shall now close our remarks upon that law which 
causes liquids to maintain their levels, by extracting a paj-.- 
sage from the book already quoted, which may be useful to 
those who have occasion to apply the ])rinciple in the con- 
struction of water-works. 

“ The w»ater is conveyed iroin its source by a train of 
strong iron pipes, which var)' in their capacity, diminishing 
as they approach Edinburgh, from twenty to fifteeiv inches in 
diameter. At the fountain head, those of twenty <'incdips 
commence the scries, and continue for a considerable space, 
when pipes of eighteen inches diameter are intr(»duced to the 
end of the first 18,300 feet; of which the descent is about 
sixty-five feet. For the remaining part of the main, pipes of 
fifteen inches are employed, and the fall of this space is 26fif 
feet, in the length of 27,900 feet. In some fjaits they have 
an undulating course, and ascend *and descent! twenty or 
thirty feet, llie main passes through two tunnels, — one of 
them excavated in the solid rq(^k of the Castle Hill,^or a 
length of 1740 feet, and 1^0 feci below the reservoir; — the 
other Ijjeing conducted undtiir lleriot's Green, seventy or^ 
eighty feet below its surfiice, 'and having a length of 2160 
feet, llie reservoir on Castle Hill communicates wi^th that 
‘on Heriot’s Green, and large jiijiep branch ofiC&om both, for 
the plentiful supply of the city, in every direction. The 
strength of the pi])es is ada]>ted to sustain a pressure equal 
to a column of water 800 feet high.” 




FLUIDS GRAVITATE .IN I OCO. 




PRESSURE OF LIQUIDS. 

It is scarcely necessary to remark that fluids, as well as 
solids, are influenced by the force of gravity. If this were 
not the case rain would not faU, and the atmo.sphere would 
not he confined, around thrftarth. It seems almost as un- 
iinjiortdiit to state that fluids gravitate in their own element. 
To |)ro\*e this fact, take a glass l>ottle jiroperly fitted with a 
metallic (iifi]), and air tight. Sus])end this bottle to one arm 
of A (li4icate balance, and cfu'efully weigh it when immersed 
in water. Then fill the bottle with some fluid, and weigh 
it again in the same manner. It will be found that a great 
increase, of weight in the opposite scale will be necessary to 
establish the e<]uilibrium. From this simple exiKjriraent it 
tvdll be quite evident that a fluid has weight in its own ele- 
ment, for the increase obscrvccl can arise from no other cause 
than the* weight of th# liquid, as an equal (quantity of the 
watH- into which it is immersed must be displaced in both 
cx])eriments. 

Now' as fluids are heavy bodies they exert a press ftre 
• Fig. .0. upon the vessels whifti contain the^n, and 
that jire??sure will be according to the al- 
titude of the column, lliiis if we iKmr 
• water into the cylindrical vessel fig. 9, 

If 

to the height a a, and it press upon the 
“ bottom with a force equal to one pound ; 
then an equal quantity rising to the height 
6 b will exert the same pressure, and 
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the bottom will consequently have to sustain their united 
force. 

That this statement may not be misunderstood it will be 
necessary to explain at once that the pressure exerted by a 
fluid uj)on the bottom of a vessel, does not dejieiid u])on the 
quantity of fluid it contains, but upon its height. This pro- 
position has been called the Hydrostatic Paraflox, and yel 
nothing is more evident or more simple. Practical proofs 
are constantly obsen^ed by every one. When a house is 
sujiplicd from a reservoir perhaps containing an- immense 
volume of water, the little ]npc that supplies it, is Ailed, oi 
may be filled to the same level as the water in the reservoir 
The same thing may be observed in a common garden jKit 
fllled with water ; the column contained in the spout is on 
a level mth that in the vessel itself. Now in both these in- 
stances it is evident tliat the small column supports thf* 
pressure of that of the larger, ])roving that the force exerted 
is according to the altitude of the column, and* do^cs not in 
any degree depend upon the quantity. It is the same^wtli 
elastic fluids. ITie barometer w a column of mercury acting 
with the same jiressure on the surface of the samefluid as a 
Fig. 1< column of\he atnfosphere hatnng the same basc.^ 
But the pressure of fluids is in every direction, 
upwards and laterally as well as downwards. Take 
a small bladder, fig. 10, and attaahing^it to the 
end of a glass tube, fill it with a coloured fluid. 
Now immerse the bladder in a cylindricjal vessel 
of water, and every portion of its surface 
immediately brought under the influence of 
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external pressure, which forces the coloured fluid up the tube. 
This can only result from a pressure in every direction 
e(]ually, for ah we have already stated, a condition of equili. 
Ijriuro in fluids can only be produced by equal forces in 
every direction. But it may be also obsen’^ed that the 
greater the depth to which the bladder is sunk, the greater 
will be the p'tejrnal pressufe* upon it, and the increase will 
be in proportion to the depth, for the surface of the coloured 
fluid win at every instant exactly coincide with that of the 
water in which it is immersed. 

A v«ry ingenious instrument has been invented to show 
that the upward and downward pressure of liquids is the 
same, and at the same time it proves that the jjressure is 
according to the height of the column, and is not dependant 

on quantity. Let A B, fig. 1 J , 
be a cylindrical vessel of glass, 
and T a glass tube inserted and 
ojiening into the bottom. R is a 
sipall receiver, to which is attached 
a«string passing over jmllies P P, 
and exactly counter})oised by \he 
weight IT. is a small tube pass- 
ing tlirough the bottom of the ves- 
sel, and of such a height as to reach 
nearly to the top of the receiver 
when fixed at the bottom. Intro 
duce the receiver into the cylin- 
der, and press it firmly to ll*c 
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« 

bottom, so that it may be air tight, and hold it in that posi- 
tion while water is jioured into the vessel to any height, H, 
for instance, 'file downward pressure of the 'diiid will now 
keep it in its place. Then pour water into the tube T, and 
it will rise into the receiver which covers the lower end, and 
as this is filling, the air must be allowed to esca])e from it by 
removing a small jdug at the lower end of the tybe p. The 
plug being fitted again into its place, continue to i)Our water 

into the tube T until it shall stand a little above the level H, 

« 

and the receiver will then immediately rise to the to]) of the 
fluid in the cylinder, for the jiressure ii])\vard is grealfer than 
that downwards. 'Flie communication is then o])ened between 
the lesser and greater columns, and they will instantly adjust 
themselves to the same level. We thus j)rove by a single 
experiment that the i)rcssurc is according to the height of 
the column, and also that the upward and downward pres- 
sures are equal. 

It is also true, and may be provefl by experiment-, that the 
lateral pressure is e(|ual to th^t which is exerted upwards 
and downwards, and consequently increases with the height 
of 'the column. Many persons siijiposc that flood gates 
have t(k resist a fore# produtjcd by the quantity of wate^ 
against the ]>rogress of which they are acting. But this is 
not true, for l^ic pressure in this, as in other ipst^nces, is 
according to the height of the water. • ^ 

As the i)ressure of fluids is according to the height of 
their columns, we may easily obtain an enomu^s force 
from a comparatively small quantity of water or any other 
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Fig. 12. li(juid. llie Hydrostatic bellows, lig. 12, is an 
example. This instrument consists of two 
•circular boards united by leather, bladder or 
indiaii rubber cloth — the latter is to be pre- 
ferred~in the same manner as a pair of com- 
mon bellows. A narrow brass tube, four or five 
ftjpi long, is Hied perpendicularly to the upper 
board, so that water may be jjoured through 
it into the interior of the instrument. Now 
^ when M'ater is ])oured into the tube pressing 
^ upon that contained within the boards, the 
jircssure of the column is communicated to the 
surface of the water which fills tlie bellows, and 
the boards are sc])arated with a force equal to the difference 
between the area of the boards and the tube. Thus if the 
area of the b<iards be one hundred times greater than that of 
the tu]>o, a janind of water in the tube will 8U])port a liun- 
drtMl jxmjidsf on the upjirr board. 

It is almost impossible to imagine the amount of power 
whicii may be obtained by the application of this princijdc. 
The late Mr. Bniriah invented^an instrument called the 
Hydrostatic Press, in the coii^tructioit of wliich the law is 
beautifully a])j)lied. The pow^r of this instrument is so great 
that with a small machine, which may be easily carried about 
'by a la<l,*and may be used on a table, a*inan may cut 
through an inch bar of iron as easily as he could cut card- 
board wijh a pair of scissors. 

llie same })ower is, we have no doubt, active, past all cal- 
culation, in i)roducing change on the physical condition of 
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the earth. Imagine a vertical fissure to be formed in a rock, 
communicating with a small horizontal reservoir of water, 
and let this fissure be filled with rainwater, or that produced 
by the melting of snow ; who can estimate the violence of 
the fi)rcc which will be instantly called into action ? Tlie 
jiressure in every direction would be so great that the solid 
rock might be shaken by it, or torn asundei* by its uncon- 
rolled energy. 

In calculating the influence of physical agents in the pro- 
duction of change on the surface of the earth, unj are too 
liable to estimate their power by a false comparison ^ith the 
jihenomcna we witness uj)on the lal)oratory table, llie ex- 
tent of natural agents are seldom fully estimated, and indeed 
they cannot be, from the trivial exhibitions of their power 
presented to our vicAv. llie ])ower and unlimited extent of 
their operations can only be traced by man in detail, anti 
that insulated view he takes is insufficient to give auade- 
quate conception of their energy. By the use of a large instru- 
ment a man can separate, Avithrlittle physical exertion^sub- 
stances Avhich the combined strength of hundreds could not 
tear asunder. But shall wc comi)are this with those vast 
operatHms constantly* going 8n in the mineral kingdom, b> 
the influence of the same principle ? Philosojfliy may teach 
the laws by Avljich the various kinds and conditio^js qf matter 
are governed, but the largest and most powerful insitriiments 
employed by a man when compared with those fuUy (opera- 
ting in nature are but as toys which amuse our Simplicity 
and gratify our self-esteem. 

It is not a difficult task to discoA'er the total amount of 
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pressure by a column of water upon any surface. We have 
proved already that the amount of i)ressure is governed by 
the height of Ihe fluid, 'fhe entire height maybe divided 
into any number of equal parts, ten for instance and the pres- 
sure of Uie uppermost may be represented as equal to one. 
Then tlie entire pressure will be the sum of the scries, that 
is, the firsthand* last terms a^ded together and multiplied by 
luJf tlie number of terms. 

There is always a point, on eve^ surface which has to bear 
a fluid ])»essure, Avhere, if an adecjuate force be a])plied, and 
in a ccfhtrary direction, the entire pressure may be supported. 
'Ihis point is csdled the centre of pressure. 

This fact, and the situation of the j)oint, may be shown 
by an instrument represented in fig. 13. 
A B C D is a vessel, the front and 
back of which are formed of wood, and 
the two sides of glass. In the front is a 
moveable disk, a b c attached by lea- 
tlier or rindian rubber, and made air- 
tight, finning a large valve. As soon 
as water is j)oured into the vessel \he 
valve is filreed outwards by th% lateral 
j)ressure of the fluid. N(nv let the ves- 
sel lie filled to the height^flZ>, that is to 
the top of the valve. There will be some 
part of the valve to which a force may be 
apjdied %o as to exactly counterpoise the fluid pressure. If 
a piece of wood be pressed against the top of the valve, the 
lower part will be forced outwards ; if against the bottom. 


Fi^'. 13. 
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the ujiper part will be forced outwards. But if the bar of 
wood be mo^'ed downward, and ajiplied at two-thirds of 
the dej)th, the valve will be closed through its Whole length. 
ITiis is the situation of the centre of jiressure. 


THE EQUILIBUTUM OF FLOAT^ha BODIES BODIES 

« 

PLUNGED IN LIQUIDS. 

From the existence of gravitation as a force acting on all 
bodies, it is certain that any substance raised above tbe sur- 
face of the earth must fall, imlej:s su])ported by some force 
capable of counteracting the influence of gravity. 1'here 
are in nature many phenomena w’hich appear to be contrary 
to that law by which matter in all its states is governed ; 
such as, the sus])ension of clouds in the air, the rise of vapour/' 
and the floating of large bodies on the surface of water. 
These however are not instances of* the invasion of any law 
governing material existence, l^pt bring to our notice ^the 
causes by which one force raaytlie modified by the interfe- 
rence of another. Tlie phenomena of bodies sinking and 
floatingtin fluids depend on a principle whi(*h has been called^ 
the law of Archimedes, because discovered by that philo- 
sopher. , 

This principle, or law, may be thus stated : — a j^ody jdunged 
into a fluid, loses a part of its weight, equal to the weight of 
the fluid it displaces ; and the jiroposition is eqiuflly true 
whether the fluid be a liquid or a gas. Imagine a large ves- 
sel full of water, and let there be a cube in the interior of 
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the liquid, having the superior and inferior faces Jn the same 
horizontal plane. It is evident, upon the principles of Hy- 
drostatics, that the lateral pressures are equal and contrary ; 
and consequently destroy one another; and also, that the 
suj)cnor face supports a downward jircssiire equal to the 
column of water above it, while the inferior surface sustains 
an upward lU'estyire equal tdithe column beneath it. 

A body, when placed on a liquid, is subject to two opposing 
forces ; one its weight, which tends to sink it, the other the 
u|)ward pcjC'ssiire of the medium. any substance be im- 
inersedmiid the two forces be equal, it will remain in equili- 
brium; if the ]>ressure of the fluid lie greater, it will float, that 
is, it will be repelled to the surface; if the weight has the ad- 
vantage, it will fall to the bottom. Let us, says a celebrated 
Frencli philoso])her, imagine any volume of water, a sphere 
fbr instance, to have the radius of a metre ; and let the 
molecules of water actually contained in this volume be con- 
gealed so as fo form a solM instead of a liijuid, supposing that 
ill tlu' act of congelation they ^neither ajiproach to nor recede 
from one another, but })resjgn’e exactly their positions and 
distances. Under such circumstances the solid sphere w'ould 
remain suspended and at resL^n the %ainc manner^as the 
liquid sphere did previous ft) it? congelation ; for the adherence 
wo have established between the diHerent molecules can 
^leither sustain U^em nor cause them to fall, lliis solid 'sphere 
has therefore lost its weight since it <Joes not fall, and it has 
lost it he«;ause surrounded wdlh a fluid wdiich presses it on 
«'’cfy side. 

From these statements it \vill appear that when a solid 
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sinks in a fluid it does so because it lias a ^ater weight than 
the volume of water it displaces. The quantity of any fluid 
displaced by the immersion of a solid in it ntust depend on 
its bulk, without reference to its weight. If two equal cubes, 
one of marble and the otlier of metal, be successively im- 
mersed in water, the liquid will rise in both cases to the 
same height, although one is iVfuch heavier than the other. 
When the weight of a solid is less than that of an equal bulk 
of the liquid, the solid will float; and when the two are equal, 
it will be in equililirium, resting in any position where it may 
be placed. In fact, the latter is a case similar lo^ that in 
which a volume of water is siqqioscd Iq be solidified without , 
any change of bulk or weight. 

The stability of a floating body depends on another cause. 

The only condition of stability is that the ineta centre 
should be beneath the centre of gravity, lliis meta centre 
is that point where the axis of the centre of gravity of the 
fluid intersects the axis of the fluid ^it displaces. When the 
meta centre coincides with th^ centre of gravity the boj.ly is 
indifl^erent to motion, when abq;!‘’’e it will upset. In the con- 
stiuction of ships and ot^icr vessels intended to float on 
water, ifhis law mustf he considered and practically appliei^ 
if it be not, there is a great cfangfer that they will be in an 
instable state, and the vessel will upset. 

Fishes have a capability of rising, sinkingi^ or Qoating in 
water at pleasure. They must therefore have a means of 
increasing or decreasing their weight, so as to mak^ the bulk 
of their own bodies of greater or less weight than the volume 
of liquid they dis])lace. This they are able to do by altering 

7 
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tlie size of the swimming vessel, which has different forms 
in different sjiecies, but is always so ])Iaced as to lighten 
the iij)per, and to give additional weight to the lower parts. 
In this manner the condition of stability is secured. Ac- 
<-ording fo the curious obser\^ations of M. Biot, says fin 
eminent French teacher, the gas of the natatory vessel is 
not atmos])^jerio air; it is*imost pure azote in those indi- 
viduals ’which live near the surface, and is composed of nine 
parts of oxygen and one of azote ^in those wliich live at a 
depth of from 1000 to 1200 metres. At 8000 or 9000 metres 
these {Jhsos would be as dense as water, and the natatory 
vessels would be useless for eejuilibriurn. 

In fishes that fire tak(*n at a depth of 1000 metres, the gas 
of tlie natatory vessels is under a pressure of water equiva- 
lent to 100 }itmos])hcres, and consequently at the surface it 
must tend to take a volume 100 times greater ; and we may 
ohsciTc lliat all the muscular energy of the fish is insuffi- 
dent to retain it. When it escajies, the neighbouring organs 
are expanded, especially the P'embrane of the stomach, which 
is then so dilated that it fcrms^ a kind of balloon. From 
these facts we may judge that every region of the sea has "its 
^eculifir inhabitants, suited to flie depths at which thfjy live, 
as Avcll as climate. 


SPECIFIC GRAVITY. 

From Vhat has been already stfited in reference to floating 
bodies, it will be most evident that bodies of equal magni- 
tudes, but of different densities, when immersed in the same 
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fluid, lose equal .j)arts of their weipfht. If for instance we 
take a cube of })laster and a crube of metal, both cast in the 
same mould, they will be found to have very different weijjfhts, 
but w'ill lose exactly the same amount of weight when im- 
mersed in water, and that amount will be exactly equal to 
the weight of the cube of w'ater they dis]>lace. x\s a collate- 
ral jiroof of this statement, tak^ Vi cube of plaster so large as 
to biilance in air the cube of metal, and having suspended 
these to the arms of a balance, immerse them in water at 
the same moment, llie lead will now appear to be heavier 
than the ])Iaster, for being of less bulk it will lose le«.s of its 
weight. 

If this l)e the true explanation of the result, we may, \vhen 
we w'cigh bodies in liquids form a comparison between their 
densities, or in other words we may determine their sf)ecific 
gratities. If we weigh a body in the air, we only obtain itS 
gravitating ])ower, witliout reference to its density. We know 
that the bulk of a pound of cork ijf much grcaler.lhan that 
of a pound of lead, but we have no means of ascertaining 
their relative densities. 'Fo dct<jrminc this, that is, their spe- 
cific gravity, we must find the weight of the volume of liquid 
they dj|p])lace. • n ^ 

'I’o ascertain the specific graVity’of any body, it is neces- 
sary that we should compare it with some other body whose 
density we are to take as unit. 1’lius a pieces^of copper may* 
he heavy, and we may speak of its weight absolutely and 
positively ; hut when we say that it is heavier thar another 
body, we institute a comparison, and it is convenient to have 
some common unit to refer to. If we say that gold is hea^ieT 
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than lead, and lead is heavier than tin, and tin is hea\ner than 
water, we point out, it is true, their specific; gravities, but it 
is much more convenient to compare them all with water, 
and to say that gold is nineteen times heavier, lead eleven 
limes, and tin seven times heavier than water. 

'Hie standard of specific gra\’ity must be of a fixed and 
unalterable natuje, or if it Moes change, the laws of those 
changes should be well known, and all casualties concerning 
it should be well defined. Philosophers have, with one con- 
sent, fixed upon water as the most appropriate liejuid, and in 
all table* of s])ecific gravity the specific gravity of water is 
denoti;<] as one. 

In endeavouring to ascertain the specific gravity of bodies 
\\ith great acc;uracy, it must not beKU]»])OHed that water, as it 
is coiriinoiily met with, is an appro]>riatc standard. ITie sjw- 
clfic gravity of sea water and river water are ^^ery different. 
The waters of the ocean are loaded with a variety of saline 
subsiances, ifiuriatic acici*, and soda. Magnesia, iodine, anil 
other bodies are found in either chemical or mechanical 
coinbiuatinn, so that if the urater be evajKOTted a very con- 
siderable residue is left. River water does not hold so inutfh 
saline matter in solution, but it^is for tfle most part inore or 
less turbid, from the mcchfinical sus])ension of heterogeneous 
substan^s.^ Its specific gravity is likewise much deranged 

air which isjheld in solution. This however is an impu- 
nty very common to most kinds of water, as may be seen by 
]>lacing afrlasK of cold spring water under the receiver of an 
air pump. Upon exhaustion air bubbles will be plentifully 
evolved from the liquid. 
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It might be supposed that spring water would, from the 
circumstances under which wc meet with it, be much purer 
than river water, and such in fact is often the^-ase. But this 
greatly depends on the character of the strata through which 
the water percolates; for if suljihate of lime, muriate ot soda, 
or any other substance soluble in water hajijiens to be in its 
course, it is immediately takeif Sip, and necessarily renders 
the water impure. Some of the deepest wells in London 
however afford water that is very free from all these impuri- 
ties, and such as may, after boiling, be used for rojighly esti- 
mating sjiecific gravities. Rain water, or newly fallsn snow, 
affords a licpiid which must b^ in a great degree devoid of 
saline matter. 

Snow water will be much purer than rain water, for rain 
water is generally gathered from the roofs of houses, and in 
liable to be imjiregnated with many imjiuritics. Nor is tK(‘ 
rain water that fidls in tlie vicinity of large towns so pure an 
the rain water of the country, as in •the former the drops have 
to descend through clouds of ^smoke charged with ammoni- 
acal matter, which is not the c^se in the ojien countr}\ Both 
rain water and melted snoV are exceedingly rich in oxygen 
and iq, carbonic acid gas, u|hich they absorb from the at- 
mosphere. 


As distilled water has an uniform density, ^ihilosophers 
take it as their unit of specific gravity. In distilling rain (ff 
spring water the gaseous matter will first separate because of 
its volatility, it is then followed by pure water and«the saline 
and other fixed impurities wdU remain in the still. Chemi- 
cally speaking however, the process of distillation is not 
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competent to effect the total separation of all impurities from 
water. A certain action of the boiling fluid is liable to carry 
ofi‘much impiirity, and in Sir H. Davyds cx])eriments it was 
found that boiling water would even dissolve a portion of 

I 

glass if distilled in vessels of that substance. If water were 
very susceptible of compression the density or specific gra- 
vity of the (hstilled water uVuld change, with the density or 
specific gravity of the air, and the unit of our tables would 
f)e per])etiially altering. But the compressibility of water is 
so small tliat, under the alteration of a few ounces in the 
pressing of the air, its bulk will remain the same ; and for this 
reason barometric alterations are not taken into the account 
in ascertaining specific gravities. 

The alteration of the temperature of the circumambient 
air is much more likely to disarrange our experiments. 
Heat acts upon air as it does upon all other bodies, by in- 
creasing its bulk, and consequently lessening its specific gra- 
vity. If we*take a glasfi tube and pour into it some hot 
water, and then add some of a much lower temperature, 
the cold will be seen to disp]^*e that which is hot, and cause 
it to float on the top. * 

^ Tallies of the ex])ansion of water, as flccasioned by the ad- 
dition of certain degrees* of %eat, have heen prepared, and 
the.se. are useful in calculating the necessary^^compensation 
ft>r tlie alteration of the specific gravity. But the shortest 
and simplest method is to bring the water, whose density you 
take as uttit, to some fixed temperature agreed upon by com- 
mon consent, that is, 40° of Fahrenheit's thermometer. The 
reason for selecting this particular temperature is, that. 
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althouprh we may consider it as a general law, that the ab- 
sorption of caloric causes a body to contract in its dimen- 
sion, yet when water is cooled lielow 40° of Fahrenheit, it 
begins to dilate, and continues to do so, until it freezes at 32°. 

I 

At the tem])erature of 40° Fahrenheit therefore the water is 
at its greatest state of condensation, and consequently at its 
greatest specific gravity. At tlie temjieratiwc of 40° Fahren- 
heit a cubic foot of water weighs exactly 1000 ounces avoir- 
dupoise. 

The elements for ascertaining the specific gravity of solid 
bodies arc, first, to weigh the substance in air, and Hhen in 
water : then divide the weight of the substance in air by the 
loss it has experienced in water. 

It has already been stated that a body immersed in water 
displaces a volume of that fluid exactly equal to its own* and 
it loses weight exactly equal to the weight of the volume 
it displaces. We therefore find by this method the weight 
of the body and the weight of a volume of water equal in 
bulk to that of the body. Tlmse two weights compared 
together give the relation beirvecn the sjiccific gravity of 
water, which wc siqqiose to be known, and that of the given 
body, by making the followRi^ proportion, in which 1 .OO^^O 
represents the specific gravity of tlie water, llie weight of 
the volume water displaced by the body is tx) tl^ weight 
of the body as 1.0000 to a fourth proportioMil representing! 
the specific gravity of the body, for the specific gravities are 
as the weight of equal bulks. Therefore the specific grju'ity 
of the fluid is to that of the water as the weight lost in the 
fluid is to the whole weight. 
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It may now be usefulto mention certain precautions which 
must be attended to, in ascertaining these weights with pre- 
cision. 

Attention must lie paid to the line which connects the 
horiy with the pan of the balance. It must be of a particular 
thickness, it must have no great weight, and be impenetralile 
to water ; a singly thread of Ijflk such as produced by the silk 
worm is the best material that can be used, provided it is 
not too slender to sujiport the suspended body : a fine wire of 
* platinum or silver may be employetf with advantage if it can 
he ohtaiiscd suflicieutly thin, and a liorsc hair is a very un- 
ex eejrtioiiable substance. In the hydrostatic balance case wc 
usually find a little idatinum cage suspended from a thin 
wire of the same metal ; this may be at once jdunged into the 
water and the substance j)ut into it. 

Ilubbles of air are verj' ajrt to adhere to the substance 
when it is ]>lunged into water, these of course derange the 
weight, and ihust be carefully guarded against. Air will 
cling ^o the surface of bodies great tenacity even in va- 
cuo, and on ])lunging a piece of metal into water, charged in 
this manner with air, the surface of the metal is soon covered 
with bubbles. A thin cajuUarj^atubc oi* glass, or a iiorse 
bair, may be used to disjierle tt?ese globules. 

When the ^uspending line is sunk into the water, there is 
a tdight friction iMJtween it and the liquid, and the level of 
the latter is dejircssed round the line. This must in some 
degree disturb the accuracy of the results. This depression, 
however, only exists around such substances as have but 
little attraction for water, and such in particular as arc of an 
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oleaginous or greasy nature. If a thread be used, it is on 
the contrary very liable to be wetted by the oscillations of the 
balance to some distance above the level of the water, an<J 
thus there may be a considerable addition to the apparent 
specific gravity. 

When we wish to take the specific gravity of a substance 
that is acted upon chemically ^y water, ij is evident that 
though we may ascertain its true weight in the air, we can- 
not determine its weight in water. 'I'lic only method that 
can he jiractised under such circumstances is, to g>?certain its 
specific gravity with reference to some other lii^uvl, whose 
specific gravity is known, and then, by the common rule (»f 
proportion, to find its specific gravity with rcsjiect to water. 
Spirits of wine, or an essential oil may be used for this pui - 
pose. 

TIkj term specific gravity of a l)ody is nothing more thfin 
the coinjiarativc weight of any body and water ; we may find 
the s])ccific gravity of any fluid, b^ weighing a quantity of it 
against an equal (juantity of \yater. For this ])ur])ose a^bottle 
is made wbicli will hold just ^ thousand grains of distilled 
^ater, and is hence called the thousand-grain bottle. It ha.sa 
grouiid 8topi)er, wdftch is ptrfomled through its length bj a 
longitudinal hole. If the ])o^tle be filled with water, and the 
stopper put^into its place, the e.Kccss of water ^ will paJ*f^ 
through the hole in the stojqier, and may* be \vii)ed awlj'. 
llie instrument-maker adjusts the bottle in the first instance, 
by grinding away portions of the stopper until rtie capacity 
of the vessel is just one thousand grains. 

To ascertain the specific gravity of any liquid, it is there- 
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ff)ro onJy necessary to fill the bottle with that liquid, and then 
to wcif^h it. Care, however, must be taken not to hold the 
liotlle in the uncovered hand, or the heat communicated 
woiikl sensibly deranj^e the success of the experiment. It 
must jJso l)e dried with a clean cloth, and particular atten- 
tion must be j>aid that no small hairs or other impurities ad- 
here to the surfacf . In every^Aew experiment the bottle must 
be accurately cleaned and washed, that the relics of former 
operations may not cause erroneous results. 

In the absence of the thousand-^rain bottle, it is easy for 
the clieuiicd student to inamifactiire one before the llame of 
a b!ovv-])i])o. For this jmrpose a bubble must be first blown, 
and a |)iece of thermometer tube may be used as a stopper. 
The capacity of the bulb may be brought near to the thou- 
sand gr.iins by having it sufficiently large at first, and then 
if tiny j)art be heated in the spirit lamp, it will contract in 
cooling, and the cajiacity become less. When it has fallen 
Mow the tliofisand graintf, by a very slight quantity, the 
final regulation is to be obtained by grinding the stopper. 

Jlubldcs of glass are prc]j|j^rcd for finding the specific 
gravity of fluids. I'he specific gravity of these is written 
u])on them, and they are so aisranged is to form a ri^lar 
series. 

We now come to one of the most delicate yet important 
0|ieralions of Clj 4 ?inistry, and of Natural Philosojiliy, the 
FXietliod of ascertaining the specific gravity of a gas. A gas. 
from its high elasticity and consequent expansibility, is sub- 
ject to many changes unknown to solids and liquids. Alter- 
ations in the temperature, pressure, and moisture of the air, 



132 


SPECIFIO GRAVITY OF GASES. 


which is the standard of comparison^ must be taken into the 
account. 

To determine the specific pfravity of gas, take a thin glajss 

globe with a stopcock, weigh it as accurately as possible. 

exhaust the air, and weigh it again. The loss of weight is 

now equal to the weight of the air drawn out. If the glass 

be then filled with any gas, and^Vrxighed again, the increase 

of the weight, above the weight when exhausted, will he 

the weight of the gas. required. 

« 

Now it is evident, that the volume of gas that enters the 
globe is exactly the same as the volume of mr drawfi out by 
the pump; if therefore we divide the gas by the weight of the* 
air, it will give the specific gravity of the gas. It is, however, 
necessary that the experiment should be rapidly and can * 
fully performed, that errors may not creep into the calcula- 
tion. 

These remarks u]>on the method of determining the specific 
gravity of substances, will, it is hojked, be of some value tn 
the jiractical student ; to the ^general reader they must be 
uninteresting. It is, however, f»f but little use to attempt the 
study of any branch of natural philosophy without experi- 
mentsi.; and as the Subject of which we have been speaking 
requires some illustration, we*havfe felt ourselves at liberty to 
introduce a few obsen'ations for the guidance of the raaiii- 
])ulator. 
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HYDRODYNAMICS. 

THE MOTION OF LIQUIDS. 

We have hitherto entirely confined our attention to the 
pressure exerted Jjy liquids^ and the phenomena presented by 
them when at rest. A few remarks may now he made upon 
I he cause of their motion, and the laws which govern their 
velocity. Tiiis is, as all persons must admit, a complicated and 
difficult •ubject ; and one which will not perhaps be very in- 
ferestirig to that class of persons for whom this work is chiefly 
intended. It is, however, a branch of science of the utmost 
importance, and cannot be passed over without some notice. 
'‘The theory of Hydraulics,” says Dr. Young, “ has never 
lieen carried to a very high degree of perfection uj)on mathe- 
matical foundations alone ; nor has it hitherto, even with the 
assistance of *experiraent,*been rendered of much practical 
ulilitj^.” Without the asfiista>5ice of mathematical analysis, 
little can lie done towards th<B explanation of the theory of 
Hydraulics ; and as we have no opportunity of entering at this 
time into such an enquiry, our o^^servations must be coiffined 
to a few statements illustraiive of the facts determined by 
cxjierimepjt. ^ 

‘iherc is, as weJiavc already stated, only one condition of 
wtuilibriiiin in a fluid body, and that is, when it is acted u^ion 
equal fortres, and in every direction. If such a condition be 
established, and a force at any one point be withdrawn, mo- 
tion will be produced. A volume of water in any open reser- 
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voir will be at rest so long as the vessel shall remain perfect 
on every side, for it sulFers resistance at every ])oint. But 
form an a])erture at any point, and the condition of equi- 
librium will be destroyed. The science of Hydrodjmainics! 
or H}'draulics, then, comprises not only the law? which re- 
gulate the motion of liquids through pipes and channels, 
rivers, and canals ; but also the discharge of liquids from 
resen'oirs through orifices and tubes. 

Feeling strongly tlie (Jifficulty of presenting to our readers 
a distinct, and at the same time a comprehensfive view of 
liydraulic phenomena, we cannot avoid quoting? the re- 
marks of Dr. Lardner, a writer who has deservedly the cha- 
racter of being able to explain mathematical and physicci) 
])rinciple8 in the style of a poj)ular writer or a profound ma 
thematician, with equal facility. 

a 

** It is the j)eculiarity of this branch of hydrostatics, that, 
from various causes, the phenomena actually exliibited in 
nature, or in the processes of art, de\nate so considerably from 
the results of theory^ that Ihff latter are of coin])arativcJy little 
use to the yiractical engineer.*' They also lose a great part of 
their charm for the general reader, from the impossibility 
of producing from fainililiT objects, whether of naturg or 
art, examples appositely and strikingly illustrative of the 
general truths derived from scientific reasoijting. It must 
not, however, be Kup2)osed that the result!! of such investiga- 
tions are false, or that the science itself, or the instrumentp 
by which it proceeds, are defective. The difliculty here lie 
rather in the ])ectdiar nature of the phenomena, and the 
number of disturbing causes which render them incapable of 
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that accurate classification and generalisation, which is so 
successfully applied to almost every other de])artment of phy- 
sical science. 

“ only really useful method of treating a branch of 
knowledge so circumstanced, is to accompany a very concise 

account of such general princijdes as are, at least, ina])plica- 

• • 

l)l(* to ])racti^'c. Itj' ])ro])ortionately copious details of the most 
accurate experiments which have been instituted, with a view 
to ascertain the actual circumstances of the various pheno- 
mena.” • 

Gui(l?d by these opinions, in ■which we fully coincide, it 
will he our object to exfilain, with as much simplicity as pos- 
sible, the facts and principles discovered by experiment, hut 
;U the same time introducing only those steps in the investi- 
t(ation which are, according to our opinion, recpiisite for a 
popular illustration of the subject. 


®rilE MOTION OP A niQU/D TllROI^GH AN ORIFICE. 

When a horizontal aperture is formed in the side of a 
vgHsel filled witli water, the liqufd will be put in motioli, and 
issue from the opening with a certain velocity, llie force 
by widely motion is ])roduced \rill he proportional to the 
tfq»th of the opSning below the surface of the liquid. No 
new force is called into ojieration for that which now causes 
motion was before resisted by a pressure on the spot where 
die aperture was formed. It must, therefore, be evident that 
■■^oine ])roportion maybe found between the depth of the aper- 
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ture below the surface of the liquid, and the quantity of water 
flowing from it in a given time, for certainly the rajiidity of 
efflux increases with the depth of the aperture. 

But before we jiroceed to examine this part of our subject, 
it is necessary to remark, that the discharges of a liquid from 
a horizontal orifice arc nearly jirojiortional to the area of the 
orifices, whatever may be their forms ; the iK’igljt of the fluid 
being in every case the same, lliis being kept in mind, it is 
not difficult to prove, by experiment, that when a licjuid is 
flowing from a horizontal aiierture, the height is as^the s(|aare 
of the velocity with which it flows : a fact clearly •demon- 
strated by Bossut’s experiments. 

Take any vessel that has an orifice in one of its sides, an 
inch or two above the bottom, and jiour water into it to the 
height of one inch above the ojiening. Now the pressure of 
the fluid being at this point unsupported, the water will flow 
t)ut with a certain velocity, say at the rate of five feet in a se- 
cond, that is, so long as the surface continues of the same height 
above the orifice. Suiqiosingt that it were required t^ give 
the water a double velocity, tlfe height of the surface above 
the ajierturc must b^e four times greater, that is to say, it 
must tic four inches. The^‘|ason of this is erident : as 
height is increased, the velocity of efflux is increased, because 
the pressure i; increased in the same proportion, Jt might, 
therefore, be supposed that a double heiglTt would be suffi- 
cient ; but this cannot be the case, for as double the quantity 
of water is to be put in motion in a given time, Ind as it is 
at the same time to have a double velocity, the force must 
necessarily be four times greater. If it were required to give 
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tlie same quantity of water a double velocity, a double force 
would be sufficient, but as the quantity must increase with the 
velocity, the force must be four times greater; and that force 
is pressure, which is according to the height of the surface. 
Hence then it will apjiear, that to obtain t^^ice the velocity, 
we must have the surface four times higher ; for thrice the 
velocity it ijiust^be nine times, and so on. 

The velocity of a liquid, flowing from an aperture in the 
bottom, of a vessel, has an increase, governed by the same 
law as u^uld regulate the velocity of a falling solid. The 
same Rlw is in oyicration when the aperture is in the side of 
tlie vessel. In order to establish, says Dr. Lardner, the re- 
markable fact that the velocity with which a liquid spouts 
from an orifice in a vessel, is equal to the velocity which a 
j)()cly would acipiirc in falling unobstructed from the surface 
of the liquid to the depth of the orifice, it is only necessary to 
prove the truth of this jirinciplc in any one particular case. 
^ow It IS manifestly true if the orifice be presented down- 
waids, and the column of-^fluid over it be of very small 
luiiglil ; for then this indefinitely^ small column will drop out 
of tlic orifice, by the mere effect of its own weight, fed 
therefore with the same veloeHy as any other falling body ; 
hut as fluids transmit pressure equally in all directions, the 
same e^ect will he produced, whatever he the direction of the 
onfice. Hence^t is plain that the principle just ex^iressed is 
true, when the depth of the orifice below the surface is in- 
definitely* small ; and since it is true in this case, it must, 
according to what has been already ex])lained, be also true 
in every other. 
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It may also be worthy of notice, as a fact resulting from 
what has been already said, that when a fluid issues from an 
oriflee it has always a velocity sufljcicnt to make it rise ver- 
tically to the same hei{?ht as the surface of the fluid above the 
ajierture. Take a vessel, and having formed orifices in it at 
different heights, fix a jet in each so that the liquid may rise 
vertically. ITiis being done fill it with water,,and keep it 
full. From each jet a column of water will be thrown, and 
e^ch will be thrown to the same height, that is, to the level 
of the surface of the water. From that orifice, which is only 
one inch beneath the surface, the water will be thJown to 
the height of one inch, while that which is thirty will eject a 
column of thirty inches. 

From these considerations we must be imjjresscd with the 
extreme mobility of all liquids. To give m«)tion to a fluid 
mass, it is only necessary' to make a slight derangement of 
one of its molecules, and the motions which result through- 
out the whole mass will be so TOrious, modified by different 
causes, that it is ^dmost ilnpos^vhle to imagine the comp^ca- 
tion of the phenomena that wdli be thus produced. 

It may also be obser\'ed, tliat the sides of the vessels con- 
taining lic^uids sustain an e:..ternal and internal pressure— r 
there is a force resulting from tlie pressure of the fluid 
which is outward, and another from the atmosphevue pres- 
sure which is inward. AVhen, therefore,'* an opening 7 k 
formed in the side of a vessel, the water will flow out, if the 
pressure from within he greater than that from without. 
This must always he the case in an open reserv’^oir, for 
the pressure on the exterior of the vessel is that exerted 
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by the atTnoB])liere alone, while that on the interior is the 
corn! lined force of a liquid mass^ and the atmospheric co- 
lumn. 

When water issues from a small hole in the bottom of a 
vessel, it descends in nearly a vertical direction, and the sur- 
face deviates hut little from a horizon tfd ])1ane. At a dis- 
tance of two or three inches from the bottom, the particles 
turn from the vertical direction, and come from all jiarts 
with a motion more or less oblique towards the ajierture. 
Hie same takes place when the water escaiies from a hole in 
the sMe of a vessel. The tendency of the particles of the 
h(|uitl t(nvards the orifice is a necessary conse(]uence of their 
^reat inoliility, for they are necessarily directed towards that 
part where they meet w’ith least resistance. 

At a small distance from the bottom of the vessel, the 
* watei’ forms itself into a kind of funnel, the lowest point of 
which corresponds with the centre of the aperture. When 
a liquid flows throu^i an orifice in the side of a vessel, a 
kjjid of ludf funnel is formed, befrinning where the surface 
icarly touches the hole. • It is probable that this funnel 
shape is formed as soon as the water begins to flow from 
^the orifice, but it is not obicn'able^mtil the surfiace of the 
liquid is brought near* to ftie bottom of the vessel. 

Thj n^der will do w'ell to study, in coni^xion with what 
been here «aid on the motion of a liquid through an ori- 
fice, the thirty-sixth ])TO])osition of Neuron's Princqiia, a 
work wliich must be read hy all who wish to obtain more 
than a general knowledge of the physical sciences. For the 
benefit of those who are not able to refer to this work we 



140 


NEWTON^/* DEMONSTRATION. 


may be permitted to quote a passage from that proposition 
which relates to our jiresent enquiry. 

The particles of the water do not all of them pass through 
the hole perpendicularly ; but flowing down on all parts from 
the sides of the vessel, and converging towards the hole, pass 
through it with oblique motions, and in tending downwards 
meet in a stream, whose diameter is a little sixwiller, below the 
hole itself, its diameter being to tlie diameter of the hole as 
5 to 6; pr.as S-J to 6J-, very nearly, if I took the measures of 
those diameters right. 1 procured a very thin flat plate hav- 
ing a hole pierced in the middle, the diameter of the circular 
hole being | parts of an inch. And that the stream of run- 
ning water might not be accelerated in falling, and }>y that 
acceleration become narrow, I fixed this jdate, not to the 

bottom, f)ut to the side of the vessel, so as to make the water 

» 

go out in the direction of aline parallel to the horizon. Then, 
when the vessel was full of water, I opened the hole to let it 
run out ; and the diameter of the stream, measured with 
great accuracy at the distance ofiabout half an inch from Jjie 
hole, was ijj of an inch, 'fherefore the diameter of this cir- 
cular hole was to the diameter of the stream very nearly as 
25 to 21) So that tlie wateitin passing through the hole,, 
converges on all sides, and after it has run out of the vessel, 
l>ecomes smallqr by converging in that manner, 5\»d<,by be- 
coming smaller is accelerated, till it comes to the distance (ft 
half an inch from the hole, and at that distance flows in a 
smaller stream, and with greater celerity than in ‘the hole 
itself, and this in the ratio of 25 x 25 to 21 X 21, or 17 
12 very nearly, that is, in about the subduplicate ratio of 2 
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to 1. Now it is certain, from experiments, that the quantity 
of water running out in a given time through a circular hole 
made in the T^ottom of a vessel, is equal to the quantity, 
which, flowing with the aforesaid velocity, would nm out in 
tlie same time, through another circular hole, w^hose diameter 
is to tlic diameter of the former as 21 to 25. And therefore 
that running water, in passing through the hole itself, has a 
velocity down\vards equal to that which a hca^y body would 
aci|iiire in falling through half the height of the stagnant 
water in rtie vessel, neaily. But then after it has run out it 
is still Accelerated by converging, till it anives at a distance 
from the hole tliat is nearly equal to its diameter, and ac- 
ejuires a velocity greater than the other, in about the subdu- 
plicate ratio of 2 to 1 ; which velocity a heavy body would 
nearly acquire, by falling through the whole height of the 
stagnant Avatcr in the vessel.” 

Hence then it will ap]>t?ar, that when a liquid flows from a 
vessel through a circular orifice, the stream wdll, in some 
ine'^sure, mould itself into tbf? form of the orifice, and pass 
to some distance before it divic^es and falls in drops. Be- 
tween the surface of the vessel and the point of di\ision, flie 
stream has a constant form, find from the ra])id suftessu c 
motion of the particles ajijiears to he a solid with a polished 
surface.^ ^ftcr leaving the aperture, the stn^iim diminishes 
fOTa certain limit, and then increases until the stream di- 
vides. 

llie fa?t that the quantity^ of a liquid issuing from an 
orifice, is proportional to the depth, may be proved approxi- 
mately by the following experiment. Fill a vessel with water. 
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and let it run out through an aperture in the bottom, obsen’^- 
ing the period occiij)ied in the escape of the fluid. ITien fill 
the vessel again, and kec]) the surface at the satne height, by 
continually supplying a quantity equal to that which escapes, 
and it will be found that, in the same time, nearly a double 
quantity will be discharged. 


THE MOTION OF LIQUIDS THROUGH TURF.S. 

^Vhen fluids spout through jets or tubes, they move in 
that curve called a ])arabola, the curve itself \'aryiug accord- 
ing to the direction of the jet. 

Venturi, when considering the resistance exerted by fluids 
moving against solid bodies, discovered an imjiortant fact, 
that fluids pass witii greater rapidity through tubes than they * 
do through ajierturcs. Suppose a vessel containing a known 
quantity of water to be em])tied in a certain time’ by running 
through an orifice. Till the vvJsel agjiin, and let a tubj^ of 
the same diameter be fitted^ int<»lhc o])ening^ and the vessel 
^viTi be emptied much sooner than in the former case. 

By ail extensive scries of ‘experiments it has been found 
that the discharge, of fluids by tubes of different sizes is 
nearly in propertion to their bore. A liquid sometime? passes 
through a cylindrical tube of the same diam^fler as the orifi<^^' 
in which it is fixed, without touching the surface, and some- 
times the tube is filled. In the first instance there is no 
variation in the velocity or quantity, but in the second both 
are increased. The quantity in the first is to that of the 



AKCHIMEDES’ SCREW. 


143 


second as 100 to 133, provided the diameter of the tube be 
nearly a quarter of its length 

Wc might now })roceed to an investigation of the resistance 
of fluids, for although their i)arlicles have an easy motion 
jiiiiong each other, upon other substances friction is pro- 
duced, and consefjueiitly there can be no unresisted motion. 
A river, however slow its* progress, insensibly destroys its 
banks and removes the light materials thrown over its bot- 
tom. Water cannot glide over the most polished surfaces 
without friction, and when moving with considerable velocity 
prodiKi^s the most destructive effects ujwn the solid strata of 
I he earth. We shall not, however, attempt in his place an 
exiilanation of these ])henoincna, ami especially as we have 
liad occasion to refer at large to the sulyect in our Mineral 
Mosaical Geohf/ies but pass on at once to the explan- 
fUioTi of a few Hydraulic Alachines. 


AUCIIIMEDES’ SCREW. 

I he inslnimeiit represcntAl at % the commencement of this 
c*liaj)ter is said to liave. been invented b^’’ Archimedes, for ftie 
purpose of draining the low grounds of Egypt ; bill it was 
also used for drawing water from the holds of vessels : and 
ae(*ordifg Jp Atbenmus, the name of this phil tsopher was ve- 
nerated by the aheient sailors for the benefits they derived 
from bis invention. The instrument consists of a pipe 
wound spirally round a cylinder. It is extremely simple in 


* "I^ouillet's Elenieiis de Physique. 
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its construction, but some difficulty has been felt in explain- 
ing the theory of its action. 

We may understand the operation of this 'Instrument in 
raising water, by considering the motion of a ball ])laccd in 
it under diflerent circumsUinces. If the cylinder be placed 
in a vertical position, and the ball be put into the u])per end 
of the spiral tube, it will graduafij* pass through all the udnd- 
ings of the screw when the tube is made to revolve on its 
axis. If, on the other hand, the cylinder be ])laced in a hori- 
zontal position, the ball \vi11 descend through a portion of 
one spiral and there remain at rest, until the axis^^jf the 
cylinder is thrown into an oblic|ue position, when the ball will 
nece.«8sarily descend from one point to another, until it falls 
from the opiiosite extremity. 

But let the lower cxtreiriily of the s]>iral be ])lunged into 
water ; and that ]iortion which is directed uj)wanls will ne-^ 
cessarily he filled with the liquid descending by the force of 
its own gravity. When the cylinder is turned, the water 
moves forward in the canal to ^ccupy that part which be- 
comes lower than the mouth of Jjie tube ; ar^by a continued 
rotation the liquid advances uj) the spiral. Being constantly 
thrownf.into the lowest parts, r. 

'rhere is, however, as Mr. Bsu-JoW has stated, an imjKirtant 
dificrence with ,reference to the computed effect of this ma- 

f f f 

chine between the water and the ball, for th^ water by reaso^rt 
of its fluidity after having descended by its gravity to the 
lowest point of the demi-spire, rises upon thev. contrary 
side to the original level, on which account more than half 
one of the spires will soon be filled with the4uid. In illu«- 
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trating the theory of Archimedes’s screw, this fact must he 
taken into consideration. 

WATER WHEELS. 

Water "is frequently applied as a mechanical power; it is 
then commonly made to act, by its impulse, or weight, on the 
circumfercnile of^ a wheel, the force being generally at right 
angles to the radii. Motion being thus x)roduced, it is trans- 
mitted and regulated by machiner}®, so as to act in the man- 
ner most consonant with the effect to be })ro(hiced. We have 
thus mills of various mechanical operations deriving their 
a(‘tion from a single force, and always in the same direction, 
and yet performing motions in different and even in oppo- 
site ways. 

^ Water wheels are of four kinds, the undershot, overshot, 
breast, and horizontal ; and these are variously constructed 
according to the situation| in which they are to be employed. 

OVERSHO? WHEEL. 

The overshot wheel is represented in 
fig. 14 : it fonsists TJf a rim so animged 
as to be aVided into open cups or buc- 
kets, and connected with^the axis by a 
series of spokes. ITie mouths of all the 
buckets have precisely the same direc- 
tion, so thatfcach one is in its turn equally cxjiosed to the me- 
chanical action of the water. When the mouth of the bucket 
conies immediately before the horizontal mill-course, the 

L 
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bucket itself is filled with water, and by its weight tends to 
give the wheel a motion in the direction of the stream. Tbin 
force is aided by the impetus of the flowing water, so that a 
constant rotatory moticjn will be kept up proportioned to the 
cpiantity and velocity of the stream. As the bucket, which 
we have supposed to be filled with water, descends from its 
vertical jxjsition towards the lidrizontal, the influence of the 
weight increases upon the })rincii)!e of the lever. We may 
sujipose the vertical line bisecting the wheel to represent 
the fulcrum of a IcA’^er, and it xsriU then appear that the * 
loaded bucket will have the least influence from itn weight, 
when on the summit of the wheel, and the greatest when 
on a line at right angles to the axis. Everj*^ one knows 
that the jiowcr of a water wheel greatly depends upon tlie 
fonn of the bucket, and the reason of this will be evident 
from what has been just stated. One of the main objects* of 
a mill-WTight wdll be to form tlie buckets of such a shape that 
the water in each may be brought*" over a sjiace equal at least 
to one-fourth of the circumference without losing any portion 
of the liquid it contains. ^ W^cn the load|||^ bucket is at its 
greatest height, it will have a minimum influence in pro- 
ducing the revolution of <he wheel, but the force wilHn- 
crease in proportion as it is^'brAught nearer to that part of 
the circumference most distant from the vertical line. After 
passing that line, its power upon the wheel will he decretsen* 
not only because it is brought nearer to the vertical line 
which ive have supposed to represent the fulcivini, but also 
because a large quantity of the water which represents the 
weight, must be lost whatever may be the form of the bucket. 
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It will then he understood that the force of an overshot 
wheel depends ui)on two principles, first, the im]>etus that 
IS priven to it by the impact of water upon the highest i)oint 
of its circumference, and secondly, upon the weight of the 
backets, which increases from the vertical line to the hori- 
zontal. Those of our reader^ who may be unacquainted 
witli llie matVemitical principles of the lever, will understand 
the statements we have made from an acquaintance with 
tlie action of the common sieel-yarf\ which is a machine sus- 
|)t‘ii(led ii])on a point and having two unequal arms. To the 
end tfic shorter a hook is attached, u])on which the article 
to ]»e weighed is carried, and over the longer a determined 
w eight may he moved at }>leasure. According to the dis- 
tance of the M'eight from the ])oint of suspension, will he its 
vtiliie, the force increasing with its distance from the fulcrum. 
This principle may he further illustrated to our juvenile 
readers by the well-kiunvq game of see-saw'. When a ]ilank 
])laced upon the edge of a inece of timber, or brick work, 
in si^‘h a manner that it shSIl he in equilibrium, that is, 
remain in a hori4l|ktal positioK, it' will move u])wards and 
downwards ]>y a force applied idternate^y to either end, but 
if « heavy man should sit one end and a child upon 

the other, that end upon which the former is placed will 
pre)K)ndellitc» Yet it would be easy to establish an ejpiili- 
hriurn ])ctv*'een the two portions of the plank, for if the man 
should approach nearer to the fulcrum, he might so adjust 
tus t)osition as to make his weight just balance that of 
fhe child. It will then be perceived that the weight in- 
I Teases in jiroportion to the length of that arm of the lever 
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from which it is susj)ended, and hence the weight of a bucket 
must increase as it descends from the vertical to the hori- 
zontal position, being in the one case at the least, and in the 
other at the greatest possible distance from the fulcrym. 

THE UNDERfHOT WHEEL. 

Round the circumfer- 
ence of the undershot •• 

ri 

wheel, fig. 15 : a number 
of plane surfaces arc fixed 
at equal distances, and 
at right angles to the face 
of the wheel. These are called float l)oardH, and were formerly 
placed perpendicular to the rim of the wheel, or in other 
words, were projections from the radii, but it is now found 
to be more advantageous that they should jwesent an acute 
angle towards the stream. The action of this wheel may 
easily he understood, for the motion is produced solely by 
the impetus of the water* and its construction is more simiilc 
than^that of the overshot wlieel. 

BREAST AND HORIZONTAL W'HEELS. 

^ i 

Tlie breast wheel is acted upon by the streaii^, at a point 
intermediate between the upi>er and under part of the wheel, 
nearly on a level with the axis. It is furnished with float 
boards like the undershot wheel, but these move in a cur- 
vilinear millcourse, so that they act in the same manner as 

I 


Fig. 15. 
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buckets, the water giving motion by its weight as well as by 
its iin})etus. 

The horizontaS wheel is constructed in the same manner 
iiK the undershot wheel, and the millcourse for both is 
fomjcd in ^nearly the same manner. Tlie principal differ- 
ence is, that one is placed horizontally, the other vertically, 
and the only object of the foimer is to save machinery by 
attaching the mill stones at once to the vertical shaft of 
the wheel. 

* ITie subjects we have attemjited to explain in this chapter, 
are, ])erhaf)s, more intricate and difficult to be understood 
than many branches of experimental philosophy : our ofjject 
has been to remove the difficulties which would most dis- 
courage the beginner, and jircparc him for a more extensive 
investigation of the science. In the s])ace to he devoted in 
this* work to the se]»arate branches of experimental philoso- 
phy, it is not ])ossihle to give more tlian a sketch of those 
facts which may be ronsiiered to form the base of the 
'^cience^. 
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CHAPTER HI. ^ 
P^WMATICS. 

ELASiy/; AM> A’ON-ELASTIC FLUIDS. 

Pneumatics (from irvev/aa, breath) is that science which 
teaches the«nechanical properties of the elastic of which 

air is the type. • ^ 

In the last chapter, the physical difference between liquids 
and gases was stated and explained. All gaseh and vapours 
are ca])able of being compressed into a smaller space than 
they occupy under the ordinary pressure, and have also the 
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j)roperty which enables them to expand^ and assume the 
same hulk when the force that produced the compression is 
removed. Liquids, on the other hand, are incapable of com- 
jiression except under enormous forces, and their elasticity 
is so small, that the removal of all the pressure to which they 
are subject on the surface of the earth, would not make any 
ap])rcciab1e (^iffbJ'encc. in their bulk. There is, therefore, a 
|)r()])riet.y in dividing fluids into two classes ; the gases and 
va]»ours being clastic, and the litpii^ls non-elastic. 

As it is? our principal object to exjdain in this chapter 
those nftchanical i>ro])erties which are common to all elastic 
fluids, it is necessary to choose one as the type of the whole. 
To ascertain these properties we. must have recourse to cxy)e- 
riuient ; and as a ready access to a sufficient cpiantity of the 
medium is necesaar}' for this }mrposc, all scientific men have 
consented to select air as the most appro] )riate subject of in- 
vestigation. The science has in consequence been called 
Pneumatics, and in nearly all elementary works we find an 
acc(i^jnt of the chemical constitution of the air, the extent of 

the atmosphere, and other facts which do not strictly belong 

• 

to the science, and yet may be introduced with great pro- 
piiety. 


THE EXISTENCE OP AIR. 

"Hie existence of an atmosphere surrounding the earth is 
proved by many circumstances. An enquiring man, \idthout 
tlrawing his knowledge of the existence of air as a fluid sur- 
rounding the earth, either from books or the information 
7 
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obtained by the investigations of scientific men, could not 
fail to be acquainted udth the fact. Although it may, in one 
sense, be said to be invisible, yet the blue colour of the celes- 
tial vault can only arise from the presence of atmospheric 
air. The air, like sea water, is colourless in small qiiantitics, 
but in large masses reflects sufficient colour to affect the eye. 
Tlie presence of this colour may therefore be considered as 
a ])roof of the exixStence of an atmosphere. 

But we have a stronger proof than this, in the fact that 
Ave are every where existing in a space which constantly ex- 
hibits the jiroperty of inertia. When inoAong from oikC place 
to another we frequently experience resistance, and bodies 
in motion are evidently acted upon in the same manner. At 
other times we feel, when at rest, an invisible force operating 
upon us. Theee effects can only be accounted for by admit- 
ting that the earth is surrounded by an elastic fluid, and in 
nearly all cases we may discover the origin of the effects 
produced, whether they arise from the motion of the me- 
dium, or the resistance it offen to bodies passing through it. 

We need not, however, multiply proofs of the existence of 
ah atmosphere, for all persons will be willing to admit the 

4r- ^ 

fact ; and should any of oui* readers desire a more exten8ij;e 
evidence, it will be found in the properties which distinguish 
it, and of whioh we are now about to speak. 


AIR HAS WEIGHT. 


It is difficult to imagine what idea some of the ancient 
philosophers can have had of the properties of atmospheric 
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iiir ; for even those who admitted it to have weight, imagined 
that weight to be of a character somewhat different from the 
weight of other substances. Aristotle says, all the elements 
except lire liJive weight ; for a bladder weighs more when 
inllated i^dth air than when it is empty, yet some of the 
historians who profess to describe his 0 ])inions, assert 
that he maipbiined air to fiave a weight between fire and 
earth. 

'Hiere are many effects constantly observed by every one, 
and severM popular experiments, which will illustrate the 
weight f>f air and the ])ressuro of the atmosphere. In de- 
scribing the latter, we shall have frequent occasion to refer 
to the air pump, an instrument used to withdraw the atmo- 
sphere from any given space. This instrument is described 
in another part of the present chapter, and those who are 
unacquainted with its use and construction, may peruse 
what has been there said before they read further. 

When two smooth jilane surfaces are brought into con- 
taetp they will closely coheres Tliis cohesion is in a great 
measure due to the pressure «>f tl\p atmosphere, but as it is 
much stronger between some substances than others, cannftt 
bj; entirely attributed to the atiAosphere. In all cases? how- 
ever, it will exert a j)rcs6ure of about fifteen ])ounds upon 
every s(]ijiai)^ inch. In grinding glass, it is ^aid, the glass 
anfl the tool, when the smooth surfaite has been almost ob- 
tained, adhere so closely together, as to require more than 
the force of a man to separate them. 

We may also observe the influence of atmospheric pres- 
sure, if we expel the air from a pair of bellows, and, shutting 
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the nozzle and valve hole, attempt to separate the ]>oards. 
A considerable force will be required, for the pressure of the 
atmo8])here is acting upon their outer surfaces without any 
counterbalancing force within. But if the nozzle be un- 
stopped, and the air be admitted between the boards, they 
will easily be drawn apart, for the external jiressure will then 
be neutralized by the expansion Of the air within. 

If a tumbler be filled with water, and covered with a piece 
of thin wet leather, fastened to some immoveable body, it 
will hardly be ])Ossible to separate them by pulling*the glass 
upwards. This is evidently to be attributed to the ec/ternal 
[iressure of the atmosphere, and explains the cause of that 
strong adhesion of liTnjiets, ])erriwinkles, and other univalve 
fish to the rocks on which they fix themselves, I’he edge of 
the shell fits tightly upon the rock, and by a muscular action, 
the animal is able to produce vacuum within, so that the 
pressure is altogether on the exterior. Flies and some other 
insects also are able to walk over" a ceiling fdr the same 
reason. A peculiar sort of l\zard, an inhabitant of Jgva, 
called the Gecko, is supported \yhen walking uj)on a jieiqjen- 
ditular wall, and even upon a flat surface with its legs up- 
wards,* by the atmoSiflicric i.ressure, for it is capable, as 
jiroved by Sir E. Home, of producing a vacuum beneath the 
feet, causing ay unresisted pressure of fifteen j)oun^ds ujjon 
every inch of the body. It is to this atmospheric ^ pressure 
that we must attribute the extreme difficulty of separating 
the shells of an oyster, erroneously ascribed to thd muscular 
power of the animal, for if an aperture be made in the shells, 
they may be easily opened. Many of our readers have per- 
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ha})s amused themselves in boyhood, in raising stones of 
considerable weight by circtdar pieces of wet leather fastened 
toastring: the close adhesion in this as in other instances 
which have been mentioned is to be attributed to external 
atmospheric pressure. 

The pressure of wliich we have been speaking is exerted 
in every direction, not merely downwards, but also upwards 
and sideways. Many instances of this might be also men- 
tioned; one or Uvo will be suflicient. If a hole be made in 
a cask filled with water, or any*other liquid, no stream will 
issuei’rom it, because the invssure of the air resists the in- 
ternal ])re8sure of the li<[uid; but if another oiiening be 
made, the liipiid mil then he discharged. It is upon this 
])rinciplc that some ink stands are formed. A very ingeni- 
ous, and j)robably accurate, explanation of the decrease of 
* water in springs during a frost, may with propriety be men- 
tioned in this ])lace. It is commonly supposed that the 
water in tlie interior Af the earth is frozen, but this cannot 
jiossibly be the case, and^the real cause may perhaps he 
found in the exclusion o^ thc^atmo8])heric air, by the con- 
solidation of the superficial crust of the earth, from* the 
resen'oir. 

\Vc may now proceed to describe some experiments illus- 
tratinij the weight and ])res8urc of the ^tmosphere. To 
prove that air has weight, take a large copper or glass bottle 
fitted with a stop-cock. Screw the bottle to the plate of 
the air ^nimp, and after exhausting the air, turn the cock. 
Suspend the bottle to one end of an accurate balance, and 
counterpoise it with sufficient weights. When tliis has been 
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done^ admit the air again^ and it will be found that the arm 
of the balance to which the bottle is attached, will prepon- 
derate. Many experiments have been made to determine 
the weight or specific gravity of atmospheric air. Ricciolus 
estimates it compared with water as 1 to 1000 ; Meisenne 
as 1 to 1300 ; Lana as 1 to 640 ; Galileo as 1 to 400 ; Boyle 
as 1 to 1000 ; Imt we can best ac))end upon, the results of 
Sir George Thuckburgh, who found the ratio to be as 1 to 
836. 

To prove the downward pressure of the atmosphere, we 
may adopt cither of the following experiments : — ^ 

1. Take a small glass receiver, oj»cn at both ends, one 
being ground to fit the plate of an air jmmp accurately, and 
the other closed by a piece of bladder tied over it ; place 
this upon the air pump, and proceed to exhaust the air it 
contains, llie downward jiressurc of the air will soon he 
observed causing a strain u])on the bladder which will burst 
as soon as the counteracting force within is removed. A 
fiat piece of window glass may. be broken in the san;)^ 
manner. i* 

2 - Place a receiver, having a small hole at the top, upon 
the plataiof a pump, find covtring the opening with the^ 
})alm of the hand, proceed to exnaiist the air. A consider- 
able pressure wilji immediately be felt upon the bac^ pf the 
hand which increases as the exhaustion proceeds, ^nd thcf 
hand will be so firmly pressed to the receiver, that it can 
scarcely be remot^d without readmitting the air. 

3. There is an interesting experiment which may be em- 
ployed either to prove the porosity of vegetable substances, 
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or the pressure of the atmosphere. If a cup formed of 
willow, or any other porous wood, be attached to a brass 
plate so as td close the aperture of an oficn receiver, mercury 
may be made to pass through it when the internal air is 
removed by the action of the air pump. It will be neces- 
sary to caution the student that great care must be taken 
in ])erforming .this experiment, for if the mCTcury should 
enter the pumj), it will amalgamate with the metal and seri- 
ously in jure the action of the instrument. 

But the pressure of the air is upwards as well as down- 
wardsf a fact which may be easily proved. Fill a wine glass 
or tumbler with water, and place on its surface a piece of 
cardboard; invert the vessel so that its mouth may be down- 
wards, and the card will reinmn suspended by the jiressure 
of the air, although it is bearing the whole weight of the 
Vater. 

To prove that the pressure is in cver)*^ direction, we must 
l(j ap])aratus called the Magdeburg hemis- 

pheres, fig. 16. %IVo heraisjiberical cups are si> 
formed in brasji or -^ny other hard metal, that 
when placed together they may fit air-tight. 
To one of these 4 handle is attached, and to 
the other a* screw fitting the air pump. A 
‘If • * small hole is made in the centrts of the screw, 
• . forming a connexion between the air pump 

and the interior of the closed hemispheres. To use the 
instrument, attach one hemisphere to the plate of the pump, 
and let the other be fixed firmly upon it. ‘ £xhaust the air, 
and the two cups which might have been before sepa- 
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rated by a child, will require the force of two strong men 
to pull them asunder. ITie force required to scf)arate the 
hemispheres will depend upon their diameter and the de- 
gree of exhaustion. Suj)posing the diameter to be four 
inches, the area of the section will be 

4 X 7854= 12-5664 inches, 

t c 

and if the pressure be 15lbs. on the sqnai-e iv<*h, a force 
will be required to separate them equal to 
12-5664^ X 15=188lbs. 

Many fountains and springs of water may be Attributed 
to the ])ressure of the atmosphere. In some countries vast 
columns of water are ejected from beneath the surface of the 
earth to a considerable height; the Geyser of Iceland is an ex- 
ara])le. We do not mean to assert that it is ])roduced by this 
cause, but it is an effect similar to that which would be jiro- 
<luced by atmospheric pressure. To show how atmospheric 

])ressure may act in the ejection of a vertical column of water, 

• . * . * 
wc may introduce an exjierimcnt easily performed by any of 

our readers who are in jiossessilon of an air pum]). (Opti- 
cians are accustomed to nakef a jilate with a stop cock at- 
tached to its tube for receivers, which may be screwed on 
at pleasure to the air pump.*' If a long receiver be placgd 
on one of these, and the contained air be exhausted, the 
whole of the apparatus may be removed from tlv* air pum]), 
and a beautiful jet exhibited. Plunge the lower end of the 
tube into an open vessel containing water, and immediately 
the stop cock is turned, the water will rush through the 
aperture and ascend to the toji of the receiver, forming an 
artificial fountain. "I'his effect is due to the external pres- 
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sure of the atmos})liere acting upon the surface of the water 
contained in the vessel. As there is no resisting force in 
the interior Af the receiver, the water must, according to 
the one principle of ecpiilibrium, already ex})lained, he 
forced upwards in a perpendicular direction. 

'I'he influence of alrnosjdieric ]>ressure is so important, that 
we may s})cak (if it as a jAinciple which unites and gives 
stal)ility to the whole framework of nature. Tilings animate 
and inanimate arc alike indebted to it for the continuance of 
their forms, constitutions, and even being. Many of the 
suhst*'i»ces which jiresent to us the appearance of solids and 
licpiids would be, without its controlling influence, floating 
m space, as attenuated and almost imperceptible vapours. To 
iiiifigine a world without an atmosjdierc, and a temperature 
a])proaching to that of the tropics, must bring to our imagi* 
nation a sterility, which even those who have crossed the Ara- 
bian deserts cannot ]}ossibly conceive. Without the external 
iiressure of the atmosphere, the most genial influence of the 
sim^w oidd produce a va])ori^ation, which in a few months 
would exhaust our rivers aiftjl o^jeans, and make the most 
inxuriant and fertile spot a wilderness. If we connect with 
this jricture of desolation th# entire*Vbsence of liftht, or 
've should rather say, ifs happy existence under any of 
tile circiimstances with which we arc acejujinted with it, 
w(i sliall have some, hut an imperfect idea of the importance 
of the terrestrial atmosphere, so far as relates to the influence 
of its pressure. We may imagine creatures living without 
ttir, but it is scarcely iiosaible to imagine any form of orga- 
nised life, constructed with vessels, and fluids momng in 
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them, without an external force capable of resisting their 
expansive powers. ' If our own atmosphere were removed, 
the sources of animal life would instantly become the agents 
of death. 

Tlie vessels and their fluids might still continue parts of 
the animal system, but their mysterious revolutions would 
be instantly destroyed by their own energy,,, and the canals 
which are now the reserv'oirs of life and acti\nty would be at 
once incapacitated for the conveyance of those streams which 
it is now their duty to transmit, from one }>ortion of the 
body to the other. Tlie blood-vessels of men and Lnimals, 
would burst, if the external ])rfc*?sure were removed, and the 
juices of plants would exude through their thick but i)orous 
coatings. Life in fact would be instantly extinct upon the 
surface of this earth, if the atmosphere were withdrawn, 
even although it were possible for animals to exist without 
oxygen, and plants without nitrogen. 

The wisdom and benevolence oi the Deity, is not in any 
case more strikingly displayed than in the ])rovision of a jorce 
callable of neutralizing tjje d'structive powers which exist 
within us. We may learn from all the conditions of nature, 
and frbm none more than that! we have been considering, that 
we are the especial objects of his* solicitude, and that every 
law of nature been established with a view to^ouf^ support, 

happiness, and gratitude. And although there are higher 
motives as incentives to our love, yet we may draw, actuated 
by the ])rinciples of revealed religion, from extSmal nature 
motives to obedience and adoration. It was in His jicwer 
simply by the increase or decrease of pressure to have made 
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the present state of existence as miserable to man as the re- 
presentations of the future to those who reject counsel and 
despise reproof. Every law of nature has for its ulterior ob- 
ject, the hap})iness of man. 


ril|: 1I0USEHOLD PUMP AND BAROMETER. 

*ilie effects which we now know to be ]>roduced by the 
})reHsiire ^f the atmosphere, w'ere formerly attributed to 
iiature^b abhorrence of a A^acuum. By this dogma the phi- 
losophers before the time of Galileo were accustomed to 
account for the action of the pump in drawing water. ITie 
air contained in the cylinder, they said, was exhausted by 
.suction hi the ])rocess of raising the piston, and as there 
could not be a A^acuura, the Avatcr rushed in and occupied 
its place. It Avas hoAvcver accidentally discovered by Galileo, 
that Avatcr could not be raised in a puiii]) when the pistem 
Ava^more than 33 or 34 feet aboA^e the surface of the Avater. 

The shortest and least trosiblef^ome method of explaining 
tliis phenomenon was, to state that nature did not abhor* a 
A'aciiuin to a greater height thifh 34 feet. This explsSiation, 
if such it can be called, satisfied many persons who esteemed 
themseli^es^ philosophers. Galileo eiitertainjd a doubt of 
the tnith of the dogma, and attributed the elevation of the 
water to an attraction betAveen the piston and the fluid. To 
account for the fact that water could not he raised to a 
height of more than 34 feet, he stated that the weight then 
overcame the attraction of the piston. 
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Torricelli, who had been Galileo’s pupil, was not satis- 
fied with this explanation, and commenced an investigation 
of the phenomena. After performing a series of interesting 
experiments, he was led to the conclusion that water could 
not rise in an exhausted tube to a greater height than thirty- 
four feet, because it then exactly counterpoised the pressure 
of a column of atmospheric air, liaving a baiie qf the same 
dimension. It then occurred to him that the same force 
ought to support a column of mcrcur)’^ ; but as mercury is 
about four times heavier than water, its height should not 
exceed 29 or 30 inches. Hie result was as he cx«|»ected, 
and his hypothesis was confirmed ; but he is said to have 
regretted that the discovery had not been made by Galileo, 
whom he greatly respected, and considered to have almost 
a claim to the discovery. Valerianus Magnus published 
the experiments of Torricelli at Warsaw as his own, with 
an impudence seldom j)ractiscd even by pretenders to phi- 
losopliical discoveries. 11 is claims to the honour have, 
however, been supported by so««ie writers. t 

Tlie conclusive ex]»eriinjints which we have referred, 
iri^iy be easily rejieated by the reader. 

Takfc a glass tube, havinf^ one end hermetically scaled, 
and, filling it with mercury, place the ojjen end in a cup 
containing thewtsame metal, and be careful that ^uo^air shall 
enter the tube. It will be found, that the mcrcu|'y wilthe 
suspended in the tube to the height of about thirty inches 
from the surface of the metal in the cu}), and whl there re- 
main stationary. In this i)osition the mercury in the tube 
exerts exactly the same pressure upon that in the cup, as the 
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atmosphere itself. It is, therefore, evident, that by determ- 
ining the pressure of the mercmry upon a base of any extent, 
we shall discover the pressure of the atmosphere. In this 
way it has been proved that the atmosphere has a {>re8sure 
of al)out fifteen pounds ujK)n every scpiare inch. 

'I lie principle of the household or lifting pump, may be 
Kijr. 17. ^further illustrated by an allusion to fig. 17 : W, 
represents the well from which the water is to 
be drawn : u, is a valve at the end of the cylin- 
der opening upwards : and A, is a valve in the 
piston, also o])ening ui)waTd8. Both these fit 
their openings closely when the pump is at rest, 
but are easily moved by a pressure from below. 

To explain the process by which the pumjj 
has the power of raising water, let us imagine 
tlie piston to be brought to the bottom of the 
cylinder. As the piston is drawn up, a vacuum 
IS left in the ‘cylinder beneath, for the air cannot 
rush in, as the ^valve A opens only upward 
But the usual pTiessu^e is exerted on the surface 
of the water, and as there is no air in the cylinder .to oppose 
it^ the tvater rises, and occui^js the 7>lacc from whTch the 
«iir has been excluded. \^ben the piston is forced down- 
wards, t^|e ^pwer valve v, is closed, and the resistance of the 
waK»r opens the ujiper valve A, through which it of course 
rushes. When the piston is again elevated, the water is 
drawn upwards, and makes its escape through the spout. 
As the ])ressure of a column of water about thirty-four feet 
*^*uh, is equal to the pressure of an atmospheric column of 

M 2 



i 

H 

vv 



PASCAlr’s EXPERIMENT. 


i 


ir>4 

the same base, water cannot be ever raised to a greater 
height. 

'ITiis ingenious exj)eriment did not gain lor Torricelli an 
immediate recej)tion of his theory. 'Phere were many philo- 
sopliers in Euroj)c, who still preferred the supposed principle 
fuga vaoiiu The young Pascal, however, became its defender, 
and at the age of twenty-three published his clever work 

Experiences Nouvelles touchant le Vuide.” To him also 
we are indebted for the suggestion of an experiment that con- 
firmed the ojrinioiis of Torricelli. Having proved diat when 
the air was removed from the surface of the mercur)* in the 
cup, the column fell, he induced M. Penier, his ])rother- 
in-law to ascend the Puy de Dome, a mountain in Auvergne, 
in order to ascertain the efiect produced by bringing it into 
situations where it would have a less column of the atmos- 
j)here to siij)port. ITie result was as be anticijiatcd ; the 
column of mercury decreased in height just in proportion tu 
the elevation to which it was carried. This may be consi- 
dered as the first barometer tlwt wiis ever made. , 

The barometer is an ivstrirnent used to determine the 
flanges produced in the pressure of the atmosphere by heat 
or other causes. we take^a glass lube about three or fcnir 
and thirty inches in length, and, filling it with mercury, invert 
it into a cup ct^ntaining the same fluid, the mercipy |vill begin 
to fall as soon as the finger is removed from the oj>&n end,nind 
oscillate uj) and down several times, at last fixing itself at a 
height of between twenty-eight and thirty inches. This cu- 
rious efiect can be accounted for only in one way, and that 
is, by supposing the column of mercury to counterbalance 
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the pressure of an atmospheric column ; for according to the 
fundamental jmnciple of fluids, that any volume will have 
an uniform level, the mercury ought, it may be supposed, to 
flow^out of the tube into the vessel. Although this is not 
the result, the law referred to is not in any degree invaded. 
The tube is first filled with mercury, and then plunged into 
a rescr\’^oir,of tiie same liquid. There are then two forces 
acting upon the surface ; one is the ])ressure of the atmos- 
phere, and the other the pressni;e of the mercurial column. 
When these two are exactly equal, rest must be the result, 
'fhe iftercury could not fall in the tube unless one of the 
first laws of nature was destroyed. It has been proved that 
matter is inert and governed by forces, and consequently 
when two e<pial forces are acting upon any substance, and in 
contrary directions, rest must be the cflect. It is thus that 
the mercury is supported in the tube. 

Vroin a variety of observations made upon the barometer, 
it is found that the length of the column varies according to 
ihm condition of the atrnoj?i)here. In this country it has 
stood as low as twenty-ciglll: inches, and as high as thirty- 
one. Ihis has happened at the level ^)f the sea. If it be 
jjfirried to a greater height^^tbe column \vill always be- 
come shorter, for the mercurj*^ has then a shorter column of 
the atnw>s||liere to support, and also one whi»se density be- 
' ceftnes rapidly less and less. 

It is su^])osed by some persons, that the changes in the 
atmosi)here may be predicted by the barometer, and to some 
degree they may. The alteration of weight is clearly indi- 
cated by the fall and rise of the barometer ; but it does not 
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ex])lain the cause from which that alteration proceeds. Me- 
teorologists are very irajicrfectly acquainted with the causes, 
directions, and influences of the contending currents fre- 
quently produced in the atmosphere, 'lliere are general 
rules hy which an experienced obsen^er may gather some in- 
formation from the rise or fall of the mercury, but the system 
usually adopted is hardly less than childish. " , 

Barometers are also used to determine the height of 
mountains and other elevjitions, above the surface of the 
earth. As there is a relation betu^een the height of li column 
of mercury, and the column of atmospheric air which sup- 
ports it, there must e\ddcntly be a means of measuring an 
elevation by the barometer. Many attempts have been made 
to reduce the methods usually adoj)ted to a system ; but 
diflUculties presented themselves, which were not at first j)er- 
ceived. We may now, however, apply this method of mea- 
surement with great facility, and obtain results which have 
a claim to accuracy. 


ELASTICITY OF AIR, 

* 

1 . • 

Elasticity is one of the most striking properties of atmo- 
spheric air, IfMre take a sjTinge to the end of wl^ichi a solid 
piece of metal is attached, the piston, being air tight, iflay 
be forced downwards to a considerable distance, llie air, 
therefore, in the tube or syringe, suflTers compression; but 
as soon as the pressure on the piston is removed, the air 
recovers its former volume, and the piston is driven back 
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into its first position : air is^ therefore, possessed of elas- 
ticity. So also, if the })iston be nearly at the bottom of the 
tube, and b^ drawn up to the top, the air, which may at 
first have only occupied the space of one inch may be made 
to fill the whole of the tube. 

From these two exjierimcnts we discover that air has 
v arious densities according to the circumstances under which 
it is ])}aced. In the instance of condensation its density 
was great, in that of rarefaction was small. Now precisely 
the same filing holds good with respect to the atmosphere. 
The doiisity of the atmosphere at any particular height is just 
ill pro])ortioii to the superincumbent mass of air. Although 
air is so very elastic, it suffers considerable condensation 
in the lower regions of the atmosi>here where it bears much 
pressure ; and it extends itself as much in the higher regions 
where tliere is no force to neutralize its elasticity. The 
stratum of air immediately in contact with the surface of 
the earth is more dense tlian any above it, because it sustains 
a gijsater jtressure, and its panicles are consequently brought 
into closer contact. Everp step therefore as we ascend 
from the general level of the earth, the air becomes lefe 
dense because it sustains a jiressure, and its p&rticles 
are not so close to each otlier.* 

'Fhe gjfeat law of the elasticity of the air «s, that it in- 
creases proportionally with the density. The air exerts, as 
we have already shown, a pressure of fifteen pounds upon 
every square inch at the surface of the earth, that is the 
lowest stratum of air is confined in its present bulk, or has 
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its present density by a pressure of fifteen pounds upon every 
square inch. If that pressure were removed^ then its elastic 
city would cause it to expand and fill a much larger space. 
But if we would give it a double density, that is, reduce its 
bulk to one half, then a pressure of thirty pounds must be 
exerted on every square inch, and if a triple density be re- 
quired, a triple pressure must be exerted, because its elasticity 
would be increased in the same proportion, lliis is what is 
meant by the expression, that the elasticity of the air in- 
creases proportionally with the density. * 

Let us for illustration imagine that we are placed in a 
situation where there is no atmosydiere ; in order to keep 
a portion of air at the same density as that on the surface 
of the earth, w'e must confine it with a pressure of fifteen 
pounds on every square inch, at a double density with 
a pressure of thirty ])ound8, and so on, for its elasticity 
increases with the density. 

We do not, however, know to wdiat extent the rarefica- 
tion of air may be extended by the removal of ])ressure^ but 
the particles will continue, to separate until their gravity just 
balances their mutual repulsion, 'llie extreme elasticity 
of th4 air, when t^e pressure is relieved, may be seen in a 
simple experiment. * 

Take a hlq^lder containing a small quantitjj; o^ air, and 
placing a weight of nearly fifteen pounds upon it, let it he 
put under the receiver of an air pump, and the air in the 
receiver be exhausted. As the process goes ouj'^the bladder 
will be more and more inflated, and at last raise the weight, 
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showing that the expansion increases with the diminution 
of pressure. Another experiment of a different kind may 
be made to illustrate the same fact. 

Take a bull) containing coloured water, the upper part 
having a little air, and place the stem in a glass containing 
the same fluid. Put the whole apparatus under a receiver 
and exhaust it ; J;he pressure \){ tlje air being removed, its 
clastieity causes it to exj)and, and to fill the whole of the 
bull), forcing the liquid into the glass vessel. 

To illu^ifrate the law still more clearly, that the elasticity 
is in ])r 4 ^])ortion to the density, another experiment may he 
made. Let A, B, (', 1) fig. 18 : he the 
section of a cylinder one inch square, 
and P a piston moving in it air tight. 
Now let the ])ressure upon the piston 
he eqiial to fifteen pounds, then it is 
clear that the elastic force is equal to 
the {same, or the piston would not re- 
main in its ])osition. ITie piston may 
then h(| loaded with a fifteen pound 
weight, and the pressure exerted upen 
it will he equal to thirty pounl. lli^^elastic force »is not 
c(|ual to this, and the pistfin ^ill sink, to half the depth of 
Ihe cylinder. Its elastic force, therefore, inugt he twice as 
great in the present situation of the piston as it was at first, 
and the air is compressed into half the space. Hence it will 
appear, that the elasticity increases proportionally with the 
density. 

Again, let A, B, C, D, fig. 19, be a bent tube, and 
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rifj. 19. let the short leg have a stopcock attached 
at D. Tlie stopcock being open pour 
- T- in the mercury to the height BC. NW, 

according to the law of hydrostatic jires- 
. . j 3 sure, the surface of the mercury in the 

I two anns will be level. While the sto])- 

• cock is open*, 'the pressujre of the atmos- 
jihere upon both these surfaces is equal, 
T but close the stopcock, and you entirely 
remove the jiressure upon the leg BC. But 
the elasticity of the enclosed air is equal to the pretjisure of 
the atmosphere, or it would not have had that ])articular den- 
sity. llie level of the mercury will tliercfore remain the 
same in both arms of the syphon. 

The tube BB may now be filled with mercury to the height 
of thirty inches, which exerts a pressure equal to tliat of tlfe 
atmos])here, and the following conditions will be obtained. 
The surface B is sustaining a 'pressure equal to thirty 


pounds, one half produced by the atmosphere, and the other 
by the superincumbent mercur^v. ITiere is on the other hand 
only a force equal to fifteen pounds on the surface C, arising 
from the elasticity of the enclosed air. In consequence the 
air suffers compression until it haiu acquired an elastic force 
suflicient to balance the increased pressure, which it will 
have when reduced into half its former bulk. » 

m 

It must not, however, be forgotten that there is another law 
by which the elastic force of air is governed — it inlreases with 
the temperature, although the density is diminished. ITiis law 
may be shown approximately by a simple experiment : take a 
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flaccid bladder, and immerse it in hot water; the bladder will 
be gradually inflated by reason of the increased elasticity of 
the air, though the density is evidently greatly diminished. 

Ih^forc we proceed further in our investigation of the pro- 
j)erties of mr, it will l)c necessary to describe the construc- 
tion of those instruments employed for its condensation and 
rarefication. An increased density or rarefaction must often 
be given to the air contained in some jiarticular vessel, and 
the mechanical contrivances employed are constructed upon 
the. knotvn ^irinciples or laws of elastic fluids. Without an 
ji])]>aratiMi by which any particular state of the fluid may be 
obtained, it would be impossible to conduct a course of prac- 


Fig. 20. 



tical enquiries. 

In order to condense air, that is, to 
force into any space a larger quantity 
than it contains when the fluid has 
a free communication wdlh the atmo- 
s])h£re, we employ an instrument, 
called the condensing syringe, the 
constrq^ioi^ of \vhich will be under- 
stood by reference to fig. 20. 

Let A,«, C, Dt*fig. 20, be A cy- 
lindel*, mth a tube T attached ; P is 



a piston moving air tighten the cylin- 
der, and liaving an aperture sv to the 



under surface of which a valve open- 
ing downward is aflSxed : ie is a stop- 
cock to the tube T, and to the end 


of the tube a valve is attached opening downwards. R is 
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a receiver, and it is required to condense a certain quantity 
of air into it. 

Let us imagine tlie stopcock to be open, and the pis- 
ton to be at the top of the cylinder. ITiere is now within 
the cylinder a quantity of air, having the same density as the 
atmosphere. Press the piston downwards, and as it passes 
along it will compress the air before itj and as its elas- 
tic force increases with its density, the vtdve will be opened, 

and the air will rush into the receiver. I'he valve is then 

* .... • 
closed by the superior force of the interior air, which tends 

to force it outwards. As the piston is drawn uj)<from the 
bottom it leaves a vacuum, and the valve ??, having no force 
below to sni)port it, is opened by the ])ressurc of the ex- 
ternal air and the cylinder is again filled. The same pro- 
cess may be rei)cated until so much air has been forced into 

w 

the receiver, that the clastic force of that condensed by 
the piston in the cylinder shall be unable to open the valve 
in the tube. 

Sometimes a number of these syringes are connecteil, and 
made to communicate by tubes with a single receiver. All 
** these syTinges are so arranged that they may be worked at 
the time, antr by thc^samc motion. Such an instru- 
ment is called a condenser, and^by its use wc obtain a great 
multiplicatic^n of power, but it is necessary th^t tjie receiver 
employed should be exceedingly strong, to resist the elastic 
force of the internal air. 

TTie air gun is an application of the instrument just 
described. It is fonned like the common gun, except that it 
is without a lock, and is provided in its stead with a con- 
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densing syringe and air cliamber. The object of a gun is to 
|)ro])el with great velocity a ball or shot. In the common 
gun, and also in cannon, this is done by the expansive force 
of the clastic fluid or gas, which is formed by the explo- 
sioii of gun])owder. In the air gun the principle is pre- 
cisely the same. By the syringe a large quantity of air is 
(‘ondensed into the air chamber, and the shot or ball is 
jjlaced in the tube. 'Ihc gun is then charged. When the 
condensed air is allowed to esca])e, it instantly begins to 
* expand itsdf, and with sf) much violence, that it proi)els the 
hall, or whatever may he in its jirogress, with great velocity. 
Under some circumstances, this is a most valuable instru- 
lucrd. ; but in others most dangerous. Such is the character 
of man, that all the most valuable imjiroveinents of science 
may l)e made the means of putting in force evil intentions. 
In a lawless state of society, the air gun might become a 
])owerful assistant in sn[>porting rapine and bloodshed. 

A ]>nssing allusion has fieen made to the fact, that gaseous 
l)odi4»s may be forced into a liquid state by condensation. 
A few more ])articular remarlis on«this subject are, wx think, 
neccssar)". There is much jirobahility that the gases are* 
the va])oiirs of liquids so voliAile, that^their boiling point, 
under natural atmospheric^jressure, is lower tliap the lowest 
temperat|j|re;^which can be obtained by art. 

Atmospheric air, for instance, maintains its gaseous form, 
not only at the iioles, but at heights far beyond the research 
of man ; and it does so, because the cold is not sufficient to 
reduce the gases of which it is composed into their liquid state. 

Iliere seemed but one way by which to determine whether 
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gaseous substances could be compelled to take the form of 
liquids ; and that was by subjecting them to so great a 
pressure as to neutralize their elasticity, which we have 
already shown to increase in proportion to the density. Mr. 
Faraday accomplished the liquefaction of many of the gases 
by subjecting them to tlie pressure of their own atmo- 
spheres. The substances from which the gas is to be 
formed, are ])laced in a strong tube hermetically scaled and 
slightly bent in the middle. The gas is then generated, ami 
the pressure in some instances becomes sufficient to con- * 
dense it into a liquid, which falls to the cool end of <^he tube. 
Immediately the jwessure is removed, the substance resumes 
its gaseous or elastic state. 

All the gases have not yet been liquefied, and those which 
have sufleicd condensation, require extremely variable pres- 
sures. llie following is a table of the results obtained f)y 
Mr. Faraday : — 

Sul])hureous acid gas . . i atmospheres at 45^^ F. 


Sulphuretted 

hydrogen gas 

17 ... . 

. 50“,F. 

Carbonic acid 

gas ■ 1 • .4- 

36 ... • 

. 32° F. 

• Chlorine gas 


4 . . . . 

. 60° F. 

Nitrous oxide 

•• 

gas . . . 

50 ... . 

. 45° F. 

Cyanogep gas 

< 

i-c> . . . 

. 50° F. 

Ammoniaqril gas .... 

C'5 . . . 

,.,50°F. 

Muriatic acid 

gas . , . 

40 ... . 

50°J'’. 

We must now 

endeavour to describe the means by which 

the atmospheric 

air, contained 

in any vessel, 

may be rare- 


fied ; and for this j)urpose two instruments have been in- 
vented — the exhausting syringe, and the air pump. 
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Fig. 21. 





Fig. 21 will enable us to explain the 
construction of the exhausting syringe. 
Let A, B, C, I) be a cylinder with a tube 
and a sto])Cock attached, and P a piston 
moving in the cjdinder, air tight, with a 
valve V opening u])wards. At the bottom 
of the cylinder there is a valve «, which 
consists of a piece of oiled silk iin])ervi-. 
oils to air, but stretched over the a]>er- 
ture so loosely that a small pressure from 
below will be sufficient to raise it, and 
admit the air to rush out from the re- 
ceiver. Let the receiver be attached, the 


st()i)cock o])en, and the ])iston at the top of the cylinder. 
Ike cylinder and receiver are now filled with air of the 
usual density as found on the surface of the eaith. Press 
down the ]uston, and the air in the cylinder being com- 
pressed, increases in clastic force, opens the valve t?, and 
allows the air to escape, so that the piston reaches the bot- 
tom and the valve is closed.# It is drawn ujiwards, and a 


vacuum exists in the cylinder, for the I'alve v prevents 
the access of air. But as thereris no pressure above &pon 
the valve f/, it is ojicned by tlie elastic powet of the air con- 
tained in yie^rccciver, and a jiart of the. fluid«escapes into 
the cylinder. When the piston is forced down again, the. 
h)\vcr valve is closed, and the upper one is re-opened as soon 
Hs the elastic force of the contained air has sufficient power. 


This jiroccss may be continued until the air contained in 
the receiver has not power to open the i^alve. 
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Tlie air pump is but a modincation of the exhausting 
syrinjjfe. It is constructed in various ways, but its principle 
in every instance is the same. Its general action may be 


Fig. 22. 



described by reference to 
fig. 22, which is, a sectional 
view of its construction. 
Let R# be a receiver for 

r 

exhaustion, resting upon 
a smooth and evenly 
ground jdatc? pp. The* 
receiver and cj'linder c 
are connected by a tube, 
and the aperture at the 
cylinder end is covered 
by a ])icce of silk, easily 
moved upwards, winch 


acts as a valve. P is a ])ist.on \vorking air tight in the cylin- 
der, V a valve in it opening outwards. 


ITie principle of action in this machine is very siin]>le. 


Let us sujipose the ])ist(vi totbe at the bottom of the cylin- 
der. Of course there is no air between the bottom of tlic 


])ist^n, and the bottom of Klie cylinder, 'llie jiistou isjiow 
drawn up and a vacuum is left.*’ The pressure of the atmo- 
sphere is removed from the top of the cylincjer^valve, and 
the elasticity of the inclosed air in consequence optns it, 
and a portion of that cc)ntained in the receiver and connect- 
ing tube rushes into the cyhnder c. Immediately the pis- 
ton begins to descend, the density of the air in the cylin- 
der is increased, and the cylinder valve is closed: when 
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the elastic force of the air in the cylinder is greater than 
the pressure of the exterior air, the valve is raised, and the 
air rushes out. A vacuum is then again produced, a part 
of the ^Jiir still remaining in the receiver enters the cylinder, 
and the same circumstances happen as often as the piston 
is raised. 

• * 

'Hie air cf^ntatiied in a receiver connected with the air 
]nimj> can never be entirely exhausted. It will become more 
and more rarified by every strokc«of the piston, but a va- 
fuiini can ftever be obtained. 

Let ift su])pose the cylinder to contain one-fourth the 
innount of air in tlie receiver, tube, and cylinder together. A 
fourtli ])art of the whole must be expelled by every stroke of 
the ]>iston. Tiie following table will show the (quantity of 
air thrown out, and the quantity remaining after seven sue- 


‘essive strokes. 



No. of stiiikfs. 

Air exjK'IlcU. 

Air rcmaiiiinjf. 

1 

> 

i 

• 2 

i of 2 = 1 ^ 

16 

3 

* 1 of * 


4 

i of , 

• • iVn 

% 5 

i of 

243 

lO-jl 

6 

i of 

Hois 

7 • • 

II 

hi 


After seven strokes, therefore, only parts of the air 
first contained in the receiver will remain. By continuing 
the process the air may be still more rarefied, but it is evi- 
dent that a ijerfcct vacuum can never be produced, as in 
every instance wc only take a part of the remainder. 

N 
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The formation of aqueous vapour in the receiver during 
rarefaction, will also prevent us from ever [)roducing a per- 
fect vacuum. It is stated by Mr. Cavendish that water is 
turned into vapour at the temperature of 72® F., wl;ien the 
])ressure is not more than nf the atmos])heric. pressure, 
that is, when the pressure of tlje air cannot sustain more than 
three-fourths of an inch of inorcur)'. Now in every pump, 
to whatever degree of artificial dryness it may be brought, 
there must be some mois ture adhering, which wnll turn U) 
vapour when tlie exhaustion arrives at a certain point, that 
is a degree pro])ortional to its teini)erature. ^ 

The ])ro])erty of the rise and fall of licjuids in tubes, may 


be conveniently used to determine the degree of rarefaction 
in the receiver of an air pump. 

Thai in which mercury^ is made to rise is the most fre- 
I’ijr. 2:5. quently used. I^et A B, fig. 23, be the plate 



of an air piiinp, and T a tube open at 
both ends ; one is inserted into the jdate, 
and tlie other drops into a vessfl M, 
contaibiiig^ mercury. Before the j)rore.ss 
^qf exhaustion commences the pressure on 
both endisjis the same, Imtthe tube Ijfing 
connected with the receiver will suffer ex- 
haustion in the same degree^s ♦he receiver 
itself. As the air is exhausted fnlhi the 
tube, the mercury' must ri.^, because the 
internal air cannot any longer sustain the 
jiressure of the external airujibn the mer- 
cury. The column of mercury contained 
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in the tube will, therefore, be the measure of the rarefac- 
tion. 

Hierc are many other subjects of inquiry to which we 
ini^ht^direct the attention of the reader, and forming part of 
the science of pneumatics. It is, however, our object to 
present the elements of science, and to select those facts 
which may considered the foundation of future acquire- 
jnents. We cannot, therefore, enter more minutely into the 
investigation of this subject, and especially as we shall have 
to devote A hirge space to Electricity, which is now forming 
a proiniticiit enquir}*^ among all scientific men. 
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CHAPTER IV. 

IIEAT.^ 

lx the investigations we have as yet entered into, our atteu' 
tion has been confined U} tb» laws >vhich regulate mattei 
under its three, conditions of solids, liquids, and gases. But 
we have had occasion to reftr to agents which have an influ'* 

f 9 

ence upon substances in producing and regulating these con- 
ditions. llitse agents have been ^-^ery imprqpeijly tenned 
imponderable substances. Of aU the properties posm^ssed 
by bodies, weight is by far the most universal. We can 
have no idea of matter without weight, and so commonly 
is this opinion received, that most persons are accustomed 
to distinguish spiritual from material existence by supposing 
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the former destitute of the property. An attempt has been 

made, in a former part of this work, to demonstrate that there 

# 

is an attractive influence exerted on all bodies by each other, 
and that weight is the necessary result of this universal 
force. Not only is the earth attracted by the sun and the 
planetary bodies, but also by every feather which floats in 
tlie atinos}>l:^re,* and in an equal proportion according to its 
mass and distance. When, therefore, we use the expression 
iinjionderable ])ody, w'e imply thrt destitution of a projierty 
in material existence, without which matter cannot possibly 
exist. •J"he i)articles which compose substances are united 
together by a cohesive force, supposed to he regulated by 
one of the so called imi)orideral)le agents. But could we 
sii))j)ose an iiidivi<lual atom to exist in space, and as far dis- 
tant from any combination of atoms as the furthest fixed 
star is from the earth, the proi)erty of attraction wotild still 
he in existence though its influence might not he ])ercep- 
tihle. But let one other particle be united with this, and 
thcii^ distances from each other and condition would in- 
stantly be under the controftif hhat, electricity, and other ^ 
agents. We sliall not at ])rescnt attenyi| to deterraiije the 
na^ire of those forces called he^t, electricity, and magnetism, 
but from the remarks which have already been made, it must 
he <juite ^Isvigient, that we cannot adopt the same method of 
investigation, in discussing these sciences, as we have done 
in those whicji have before engaged our attention. We have 
hitherto been speaking of the manner in which substances 
are acted upon by forces, hut we have now to consider some 
of the forces themselves, insensible frequently in their eflTects, 
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and yet having the whole frame of material existence under 
their control. To ascertain the nature of these forces is not 
at present within the reach of philosophical enquiry, but it 
will not be difficult to trace the effects which they produce. 
ITiis we shall attempt to do, with as much pers])icuity as the 
subject will admit, in the following pages. 


THE DTLATATlOiN OF BODIES BY TIKAT. 

Of all the effects ])roduced upon bodies by the fnerease 
of temperature, none are more striking than the enlarge- 
ment of their volumes. We here use the word temperature 
to express an effect or operation resulting from heat. Were 
we to say the effect produced upon bodies by the increase 
of heat, we should justify the su}>position that the ^dteration 
was occasioned by the admission of a larger i|uantity of 
heat. By temperature we mean the quantity of heat in 
reference to sensation. Heat is frequently coramunitflited 
to bodies tinder such cir£umstances that it is inapyireciable 
to th^ touch, a faj!^ that will be explained in another part 
of this chapter. ITius when jve say one body is hotter tjjyan 
another, the expression is synonymous with the assertion, 
that its temperature is greater. One illustratieei will at 
once convey to the mind of the reader the distinction we 
wish to draw between temperature and heat. Suppose we 
take two vessels, one holding half a pint of water and the 
other a gallon, and filling them from the same spring place 
them over a fire, they will both boil after exposure for a 
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short time, and if a thermometer be plunged into each, the 
same eficct will be produced, that is to say, the mercury 
will be raisccT to exactly the same point. Now it cannot 
be supposed that the half j)int of water has received as large 
a quantity of heat as the gallon, yet their temperatures are 
the same, both affecting the thermometer and even sensation 
equally. • 

Having explained the meaning attached to the word tern- 
])erature, we may return to the assertion which called for 
* these remarks, and endeavour to show, by a few popular 
experiments, tliat an increase of temperature produces in 
nearly all cases an enlargement of bodies. 

THE DILATATION OP SOLIDS, 

Those who have investigated the expansion of solid bodies 
from an increase of temperature, have found the subject 
surrounded with many difficulties. Of all solids metals 
suffe^ the greatest expansion, and of all metals lead is the 
most susceptible of this alter^ion pf bulk. Yet the amount 
of dilatation suffered by this metal, between the extremes'* 
of temperature, is so small tha% it is \^#y difficult t(? mea- 
sure it. When a piece of lead at the freezing temperature 
is raised to that of boiling water, its expansion's only 350th 
part pf its original dimensions. It must therefore be diffi- 
cult to construct an instrument in such a manner, and with 
such accuracy, as shall enalAe us to determine so small an 
increase of bulk. 

Experimentalists also experience another difficulty, arising 
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from the equal expansion of the body in every direction. 

If a bar of iron be raised in temperature it will expand in 
its breadth and tliickness as well as in its length ; and as 
substances must be i)resented under a variety of figure, it 
is almost impossible to have an instrument ca])able of de^ 
termining the increase of volume. Tlie instruments usually 
em])loyed are therefore intended to measure the cx])ansion 

I 

in length only. They are called j)}Tometers, and although 
constructed in different ways are so arranged as to show 

I 

ii]K)n a scale the amount of expansion at deterreined tern- * 
jieratures : one of the best of these is represented at the head 
of this chapter. 

There arc many ways in wliich we may illustrate the 
simple fact of the ex])ansion of Irodies by an increase of 
temperature. We will mention a fcAV experiments and j)he- 
nomena calculated to prove the universality of this result. * 

(1, fig. 25, is a metallic plate with an 
— - j aperture a b, bf such a size that the brass 
cylinder, A B, shall exactly fit it yrhen 
coldj T|> this cylinder is attached a 
handle of some substance that does not 
• •readily* conduct heat. ITie end of the 
cylinder* exactly fits into the opeiung 
^ when at the ordinary temper^ure. Al- 
low the rod A B to remain for 4 time 

•i 

in boiling water, or let it be otherwise 
exposed to a high temiieraturc, and it will no^onger fit the 
notch in the plate, nor will the end of it pass through the 
hole h. Cool the bar by immersing it in cold water, and it 
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will immediately suffer such a contraction 
as to enable it to pass into the two apertures 
formed to receive it. 

Let B, 20, be a ball which at common 
temjieratiires exactly fits into a trijxid stand. 
Raise the temperature to a red heat, and it 
.will no loiigfir pass through the opening in- 
tended to receive it. 

All the metals arc jieculiarly liable to this ex])ansion when 
their tenyteratures are raised, and the most ingenious and 
valuable works of art are thus frcHpiently disarranged. Some 
(if the most accurate instruments of the astronomer suffer 
from even a slight change in atmosjtheric temperature, and 
watches and clocks lose or increase in time from the same 
muse. It is, however, the glory of science that in most cases 
it is able to discover a means of neutralizing the injury re- 
sulting from deranging causes, and in no branch of science is 
this more remarkably exhibited than in that under present 
considciraiion, "When spe^iking of the pendulum it was 
stated that a peuduliim beaming ^cconds when at one tem- 
IKTaliirc will not do so in another, in consequence of the 
expansion it suffers. Ingenious mecfiihiics, howev^l’, have 
pJhposed methods by wliith such an error may be corrected 
— the gridiron and mercurial pendulums arqi arrangements 
of tjjis kind. 

It is not in the more refined operations of art alone that 
we can trace the influence^of heat in the expansion of solids. 
In nearly all mechanical operations requiring the use of 
metals, the expansive power is made available to practical 


Tig. 26. 
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purposes. The farrier places a hot shoe upon the hoof of 
the horse, that by its contraction it may adhere the tighter. 
The cooper hinds his casks with hoops at a rc'd heat for the 
same reason, and the plumber often has occasion to employ 
similar means for the accomplishment of his purposes. It 
has been already remarked that the same increase of tem- 
perature does not produce in 'ail bodies the same amount 

\ 

of expansion, a fact that we need not attempt to prove, as 
the illustrations are exceedingly numerous in the most com- 

c 

mon o])erations of civilized life. There are however two 
important general laws, discovered by M. M. Lavoiaier and 
Laplace, which wc are compelled to notice. 

1. The bulk of any body corresponds, at the same tem- 
perature, whether the process be that of heating or cooling. 
In proportion as we raise the temperature of a body from 
that of melting ice to that of boiling water, we occasion an 
increase of bulk, but whatever may be the amount of expan- 
sion for any increase of temiierature, the same will be the 
amount of contraction for an equal diminution of tempera- 
ture. « c 

• 2. The metals and glass suffer an expansion, between the 
temperatures of mefting ice and boiling ^vater, proi)ortional 
to that of mercury. But this expansion is not uniform ; ic)r 
if the same amount of increase in temperature be successively 
applied, the rate of dilatation \vill not necessarily be. the same 
throughout. 
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DILATATION OF LIQUIDS. 

Liquids are 'subject to expansion from an increase of tern- 
|)eraturc> in the same manner as solids. The law of their 
dilatation differs from that of solids ; and the effects ])roduced 
ii])on them by heat may be more readily observed. 

A very ready pethod of determining the expansion will at 
once suggest itself to the mind of the reader, but it is one 
wliich requires more accuracy than he may ])ossibly think 
necessary.. If we provide ourselves with a common thermo- 
rncler tybe, and graduate it accurately, the idteration of bulk 
])roduccd upon any liquid it may contain, by an increase or 
diminution of temperature, may be easily observed. Thus 
for instance, suppose it is required to determine the exjian- 
sion which any liquid undergoes at any or every step as its 
temperature is raised from 32 to 112 degrees of Farenheit^s 
tliennometer ; — when the tube has been jmrtly filled, the 
li<iuid must be fust reduced to the temperature of 32 degrees 
l>y (jjioling mixtures, and the height of the liquid at that time 
c4ircful]y observed , plunge ^le bulb of the tube into some 
bath, the temperature of which may be conveniently raised* 
to the lieight required, and th# exparftslion of the eikdosed 
liq^Kd may be observ'cd foi* eviry successive increase of tem- 
perature.^ If then the expansion of the tube Jie estimated, 
the cjiange of bulk in the liquid will be determined. In per- 
forming this experiment great care must be taken that no 
portion of air be contained fn the liepid, for as gases are sub- 
ject to a more rajiid expansion than litjuids, a fictitious re- 
sult would be obtained. There is another error, of an oppo- 
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site character, which must be avoided in performing this ex- 
periment; for it would cause the apparent expansion to he 
less than the real. All liquids va})ouris5e at common tem- 
peratures, but the higher the temperature the greater will be 
the quantity of vapour formed. Now it is ejuite evident that 
a decrease of bulk must result from this process of vaj>our- 
ization, and consequently the refd amount of expansion will 
not be obtained. To avoid this source of error, and to per- 
form the experiment in the best possible manner, the liquid 
contained in the liulb and tube should be subjected to a auffi- ' 
cient degree of heat to cause a ra^iid vapourization. ^ AVhen 
all the atmospheric air has been exjjclled, and the ii])])er }»art 
of the tube has been completely filled with the vapour of the 
liquid, the opening of the tube should be hermetically sealed. 
When the liquid is cooled down, there will be a vacuum in 
that portion of the tube unoccupied by the fluid; and by im- 
mersing the bulb into baths of different tem])eratures, the 
tube itself may be accurately graduated, and the degree of 
expansion or contraction under all cinmmstances estimated. 

Many other methods /if drterrnining the dilatation of 
I'ig. 27. ^ li([uids have been proi)oscd 

and employed by philoso- 
phers ; we shall only men- 
tion that invei^teclby MM. 
Dulong and Petik fortnak- 
b| ^tng experiments upon the 

expansion of mercury. The 
apparatus they used is re- 
presented in fig. 27, and 
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depends upon the well-known hydrostatical principle, that the 
heights of two upright columns of liquid communicating by 
a horizontal tube are in inverse proportion to their densities. 

T A, S B, are two vertical tubes, connected by the horizontal 
tube A and fixed in a firm position, upon a wooden stand, 
which may be accurately adjusted at ]>leasurc. If the tubes 
he filled to the level n n witli mercury, the fluid in each will 
continue at the same; height so long as each column has the 
same temperature ; but if the tcnii^eratiire of one be greater 
than that ftf the other, it will dilate, and become bulk for bulk 
lighter,® so that the short column will supjiort the longer. 
Now the heights of these columns will be in inverse propor- 
tion to the sjiecific gravity of the mercury ; from which it 
will apjicar that the relative sjiecific gravities may easily be 
determined, and the dilatation will be known. 

Experiments liave been made to obtain the expansion of 
many liquids, but the iiii])ortance of water as the type of the 
class, and as a fluid equally important in philosophical inves- 
tigations, and for common uses, has induced many chemists 
to examine the changes whkdi it undergoes with especial 

care. From all their results we learn, that it is a remarkable 

• * * 

exception to the general law ortxpansion. Nearly all other 
liquids contract uniformly as they arc brought near the point 
of solidi%!a^jon ; but as the temperature of waf er is lowered, 
the mte of its contraction decreases until it is brought to 
about 39” 2'^of Fahrenheit^ At this jioiiit the contraction 
ceases, and no visible effect is produced upon the fluid while 
passing through several degrees of lower temperature ; after 
dtis dilatation is observed, which continues at an increas- 
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ing rate until the water is frozen. It would therefore appear, 
and the statement is supported by the exjieriments of nearly 
all ])hLlosophcrs who have investigated the' subject, that 
water has its greatest condensation at a temperature between 
thirty-nine and forty degrees. 

From all that we know of the dilatation of li(piids by heal, 
it ajipeai-s that the greatest variation in the uniformity of 
their exi)an8ion is at those junnts of temperature where they 
approach the gaseous or solid state ; at all other teraj)era- 
tures the amoun* of ex]»ansion is, in most cases, regular. 
Tliis is a fact M^hich might be anticipated by a casuffl reflec- 
tion on the constitution of bodies. Considering solids as a 
class, it is evident that contraction increases with the decrease 
of temperature ; and it tiicrefore follows as a cf)nse<iuence, 
that their eyj)ansions or contractions must be exceedingly 
various. Cases, on the other hand, being incapable c f any 
other state from an increase of temperature, and }>eing at the 
same time unable to assume a licpiLd form by any diminu- 
tion of temperature under ordinary j)rcssiires, we aretiled 
to expect, and find our anticip .lions ]>roved by exjieriment, 
that their expansiliility within all known limits of tem]>era- 

I * , 

turc, is perfectly uniform. Mjuids, being jilaccd between tjie 
two extremes, and in most cases subject to either a condensa- 
tion into a soMified state, or an exjiansion into^niaeriforin 
condition, are liable to an extreme irregularity wheiMhey 
approach those points which are ^he limits of lii^uidity. 

From what has been already stated, it may be gathered, 
that a liquid becomes lighter, bulk for bulk, as its tempera- 
ture increases, 'i'he lowest stratum of any unequally heated 
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mass of fluid is always the heaviest; nor can we, upon any 
other supposition, account for the arrangement of a liquid 
having diflerent temperatures, in strata. Expansion being 
the necessary consequence of an addition to the temperature, 
there must be a difference of density between the several 
parts of a fluid wdiich has a variation of condition in this 
particular. Wenmay take oiie simple illustration of this ; and 
inquire, what is the condition of any mass of fluid which 
IS cx])(>sed to a tem})eraturc greater than its own. So long 
as the liquid remains of the same temperature, the density 
throughout is equal ; but when the heat begins to impart its 
influence, the lowest stratum first, on the principle of con- 
duction, to be hereafter explained, receives the eflect, and, 
Hiittcriug exjiansion, rises; while the colder, and conse(iuenlly 
denser, jiortions sink, lliere is, therefore, in every unequally 
heated liquid a constant series of currents, one rising and the 
otlier sinking. 

Tj) j)rove that a liquid 'of low temperature has a greater 
deqisity, and therefore a greater weight, than one that is 
c()mj)arjitively hot, the follriwin^; experiment will be suffi- 
cient : — Pour into a glass vessel a quantity of water, at or 
n^r the freezing temperaturef and up^n it the same liquid 
j-aised to the boiling point! It* this experiment he performed 
careful! ^le hot water will float upon the ccid, and no de- 
gretk^of piixture will be evinced : so, if hot water be first 
injured inl<^ the vessel, c<jld may afterwards be added, and 
that which has the greater density wiU sink to the bottom. 

As liquids become specifically lighter with an increase of 
temperature^ it is evidently impossible to boil any fluid by 



192 


DILATATION OF GASES. 


t • 

t 

application of heat on the surface. The part immediately in 
contact with the source of heat, would receive an increase of 
temperature, and becoming specifically lighter, would of 
course remain in its position, ^’ithout giving any other por- 
tion of the fluid an 0]iportunity of a similar change.. When 
heat is a]i])lied to the boitoiii of a vessel containing a liquid, 
the portions which receive an increase of t^mpj'rature, im- 
mediately rise and give place to the colder jiarticles, so that 
there are two currents, pne ascending, and the other de- 
scending. lliis fact may he easily exhibited, for ff any fine 
])owder, of about the same s])ecific gravity as water, bt; inter- 
mixed in that liquid, and heal lie ap[)Jied, the particles will 
be seen to rise and fall according to their s))ccific gravity. 

To exhibit generally the fact that liipiids expand with an 
increase of temperature, take; a glass bulb and tube, and 
placing so much of any liquid in it, that it may fill a portion 
of the lube, ajjply heat to the hidh, and the liejuid column 
will almost immediately begin to rise. It may be here re- 
marked, that those litjuids are the most expansible wHicli 
have the highest lioiling ptiintsf 

To show that an equal temj>eratiire docs not produce in 
all liquids an e(pia1 degree •of expansion, take three glafss 
bulbs and tubes of the same size, and filling them to the 
same height jiiunge them into boiling water, and^dlihe fluids 
will expand, but not in the same degree. 

DILATATION OF GASES. 

When speaking of the dilatation of solids, it was stated. 



DILATATION OF ()ASES. 


193 


that they have a uniform expansion with the increase of tem- 
])erature from 32 to 212 degrees. Liquids are much less 
regular in the amount of dilatation, and gases much more so, 
not only passing through a larger range of tem]>crature, but 
also presenting a remarkable similarity in relation to each 
other. 

In the year 1801, and at about the same time, Mr. Dalton 
an<l M. Gay Lussac commenced a series of experiments on 
ilie dilatation of atmospheric air, and were both led to the 
* conclusion, that it has a regular increase of expansion, in 
rcferenc® to the mercurial thermometer, between the 32d 
and 212th degrees of temperature. They also discovered 
that all gases and vapours had the same amount of expan- 
sion between -the same temperatures. 'Hicre was some little 
rlifl’crence in their estimates of the increase of bulk between 
these limits: Mr. Dalton said that one thousand solid inches 
of air at 32^ temperature, increased to 1325, at the temper- 
ature of 212”; while M. Cfay Lussac gives the increase as 
137n.^ The latter result has been ])rovcd by subsequent ex- 
pcrinientK to be the most ergreett Now if it be allowed 
tl'iat there is an increase of 375* j)arts in 1000, between 
the temperatures of melting and bailing watcr^that 

* Tbo degrees, and the expansion be uniform, the in- 
crease of ^olume for one degree may be cal»ulated by a 
‘'i in pie ^li vision. 

lliere are many experiments which may be performed 
to ])rove the expansion of'gascs by heat. As it is our 
^tiain object in this work to direct the attention of the 
deader to elementary principles, and especially to explain 



194 


TH^ THERMOMETER. 


/ • 

such experiments as will illustrate them, we shall proceed to 
describe those by which the dilatation of gases is commonly 
proved. 

1 ake a small bladder, and having pressed out of it nearly 
all the contained air, tie the mouth tightly, and expose it to 
some source of heat. It may be placed before the fire or 
plunged into boiling water, ^fhe air receiving an increase 
of temperature, expands ; and after a short exj>osure the 
bladder will be fully inflated. 

Take a small bulb and tube, and having nearly filled it • 
with some liquid, ])lungo the open end into a vessel^contain- 
ing the same fluid. A small bubble of air will then be seen 
in the bulb, and if a spirit lamp be lighted, and jflaced be- 
neath it, the gas will expand so much, that in a short time the 
whole of the liquid will be expelled. If the lamp be then 
removed, the air will be rapidly cooled, contraction will fol- 
low, and the liquid again rise into its former position. 

Tlie mongolfier, or fire balloon, is an instrument which acts 
upon the principle we have just explained, and is a practical 
illustration of the expansion c/ gases. A bag of tissue jiaper 
or some other light substance is formed of a convenient 
shape, and bencafei the opcKiing is placed a piece of sponge 
saturated with some inflmnmable liquid. When the liqflid'is 
ignited, theccontained air is rarefied, and becomjpg specifi- 
cally lighter than the surrounding atmo.sphere, consequently 
ascends. 


THE THERMOMETER. 


The thermometer is an instrument used for measuring 
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decrees of temperature. It was invented by Santorio, an 
Italian jihysician, and is of so much importance that but few 
series of expehments can be performed without its aid. As 
we have griven a description of this instrument in our work 
on the Earth, it is not necessary that a long explanation of 
its construction and use should be introduced in this place. 

In order that philosoph^fra may understand each other’s 
experiments, it is necessary that some fixed and certain 
standard of comparison should in all cases be ado])tcd, and 
especially .in those measurements which have a more or less 
infliioii(.e upon all our investigations. Temperature is an 
clement, whicli, in almost ever}’ })hilosoj)hical calculation, 
must be taken into account, and therefore, although any 
lliiid, whether a liquid or a gas, whose expansion at certain 
temperatures is known, would be in fact a thermometer ; yet 
the jiromiscuous use of diflerent substances would only cause 
confusion, without some determined scale. From what has 
been idready said, it is "evident that gases expand more 
equjjbly than liquids, and on this account they are preferable 
for thermometers ; but thei}^ usc^is attended with so many 
practical disadvantages, and especially that arising from the 
great increase of buUi, that liquids are alifiost universa&y pre- 
iei^d. Of all liquids mefeui^' is for ordinary purposes the 
best, as jts boiling and freezing points are at the greatest 
distance, l^ere are some substances which boil at a higher 
temperature than mercury^ and these may be employed in 
those investigations for which mercury is unsuited. 



196 


LATENT TIEAT. 

Although the expansion of bodies by the influence of heat 
is the most evident, it is not by any means the most impor- 
tant or general effect resulting from this agency. Allusion 
has been frequently made to thir existence of matter in three 
different states, and in speaking of the cxpansi(Sn })roduced 
by heat, it was found necessary to describe the effects in the 
three different states of sdiids, liquids, and gases. 'Fhe ori- 
gin of these several conditions must now be c:onsidered, for 
they are all referrible to the action of licat upon the elemen- 
tary i)articles, or molecules of matter. 

Considering the experiments which have been made uj>ou 
bodies, and reasoning from analogy, we may fairly come to 
the conclusion that every solid may be brought into the licpiid 
state. It is true, that we have an exception to this rule, as 
in carbon, but it must at the samc«time be remembered that 
every new method of obtaining a more intense heat, has been 
the means of reducing some substance which had previously 
resisted every attempt to \ning it into a licpiid form. The 
voltaic^ battery, anc^thc oxy-hydrogen blowpipe sucicessively 
brought new substances within ithe law, and there canrftrf 
be a doubt in any mind, that all bodies which at common 
temperatures are solids, may be liquefied with # sufliciently 
intense heat, and under favourable circumstances. As- 
tronomers assure us that there a| 3 worlds, in the ilniversc, 
in which the most dense bodies existing on the surface of 
our globe would be liquefied, and it is equally true that there 
are others in which aU known liquids would be solidified. 
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There are some substances, which, in passing from the 
yolid to the liquid state, exhibit almost every degree of cohe- 
sion between the two conditions, and there are others which 
pass immediately from one state to the other. Bodies which • 
have a ciYstalline stnicture, are of the fonner character, while 
ICC, frozen mercury, and several of the metals, are of the 
latter. • 

Heat is well known to be the cause of fluidity, and it has 
been sui)posed to produce this condition in consequence of 
a repulsive influence induced u])on the particles of all sub- 
stances? Bodies, whether solid or fluid, have an attrac- 
tive influence upon each other, and the particles of those 
bodies are united by the same force ; heat is the antagonist 
]iower to cohesion, and the degree of solidity may ahvays be 
attributed to its counter-acting influence. ITiis is the gene- 
ral rule, but there are exceptions to it, which cannot be very 
readily explained. Assuming the statement we have made 
to he a i>rinci})le, it is easy to perceive that every body should 
in passing from a solid to a liquid expand,, because the cohe- 
sive power is lessened, and the repulsive increased : — so, on 
tlie other hand, when a liquid becomes » riolid, it shoulfl con- 
for the repulsive power is withdrawn; yet it is well 
known that some crystalline substance's contract in fusion, 
and water^expands when freezing. 

ITic Tionour of discovering the manner in which heat is 
able to conveit solids into lifuids, and, as we shall presently 
have occasion to prove, liquids into vapours, is due to Dr. 
Black, Professor of Chemistry at the Glasgow University. 
His first conclusive experiment, made at the close of the year 
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1761» was a comparison of the time required to raise the 
temjierature of a certain weight of water onp degree, with 
that necessary to liquefy an equal weight of ice. In this way 
he was led to the discovery, that the heat required to liquefy 
a certain weight of ice, would give to an equal weight of 
water an increased temperature^ of 140°; the circumstances 
in both cases, being the same. Now, although so large an 
amount of heat is received in the process of liquefication, 
neither the sense of touch nor the thermometer can detect its 
presence. The water, which is obtained from melting ice 
lias, at the moment of liquefaction, precisely the same tem- 
perature as the ice itself, and on this account Dr. Black pro- 
posed the term latent heat, as applicable to that w'hich is 
received by bodies when they assume the li(][uid or vapour- 
ous form. It is hardly necessary to remark, that wdieii a 
liquid is solidified, the latent heat, or caloric of fluidity, as it 
is sometimes called, must be givei}, out. 

Tlie process of observation and thought which led Dr. 
Black to this important discovery, was so natural and simple 
that the reader will, perhaps, wonder that it has never struck 
his oivn mind, /hat so many should have obscr\’’ed the 
same phenomena before his timq, and not have come t^t^c 
same conclusion. The Professor remarked, that when ice 
at a temperature below 32° was brought into i wlrm room, 
it gradually rose till it attained that degree of temperature. 
After this, it melted, and no in(|,ease of tempeflpature was ob- 
served, until the whole mass of ice was liquefied; hence it ap- 
peared that the heat received by the body was gradually appro- 
priated for the puqiose of producing hquidity, without in any 
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degree causing an alteration of temperature. With this view 
of the influence of heat in producing the liquefaction of 
bodies, the Professor reasons on the great importance of 
that provision by which solids arc compelled to receive a 
large amount of constituent caloric, before they can assume 
a liquid state. Let it be for a moment supposed, that at a 
certain degree erf tcmperatifre ice, as an example, instantly 
became water ; and it will be scarcely ]) 06 sible to imagine 
the amount of devastation to which all those places situated 
near mountainous districts would be subjected, 'file ice and 
snow vdiich at one moment hung in a solid form u))on the 
flanks of the mountains, might at the next assume its liquid 
form, and rushing into the valleys sweep away every oppos- 
ing force in its fury. 

lliere are two experiments made by Dr. Black, either of 
which will illustrate the phenomenon of latent heat. He 
first placed five ounces of pure water in each of two thin 
glass vessels of the same size and weight. The water in one 
of these was frozen, and that in the other was reduced to a 
temperature of 33°. In abomt half an hoUr the thermometer 
in the water had risen to 40° of Fahrenheit. When the ice 
had the temperature of melting snow, or 32°, the time was 

• 'in, 0 

accurately marked, and in about ten hours and a half all the 
ice was isicljed, except a small spongy mass»which floated 
uj)o»Tf >he surface. In a few minutes more, the whole of the 
ice was^liqu^fied. From Ais experiment it appears that a 
degree of heat, which wii raise the temperature of water, 
seven degrees in half an hour, must be acting for ten hours 
^nd a half before ice can be raised to the same temperature. 
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SO that if we multiply 7 by 21, the number of half hours, it 
will give the number of degrees of heat required, that is 
147°; and deducting 8°, the increase of temperature ob- 
tained, it will give 1 39^, or according to calculations made 
in the s£une and in other ways by many chemists and jdiilo- 
sophers 140°, as the quantity of heat required to liquefy five 
ounces of pure water. * , 

The other experiment to which we referred* was as fol- 
lows : — a certain weight of ice at 32° was plunged into an 
ecjual weight of water at 176°; the ice was melted, and the 
temperature of the mass was reduced to 32°. This^experi- 
ment will be better performed, and more accurate results 
will be olitained, if a pound of newly fallen snow be added 
to a pound of water at 172°; the snow will be melted, and 
the resulting liquid will have a temperature of 32°, which 
gives 140° as the quantity of heat absorbed in the process of 
liquefaction. 

To these remarks we may add, ds a suitable and compre- 
hensive view of all that we know concerning latent heat,^the 
obser\'atioiis of Professor '!l^lioinpson. It is rather difficult 
to ascertain the precise number of degrees of heat that dis* 
appear during the lifelting ^f ice. Hence different state- 
ments have been given. Mr. CafV^endish, who informiS^? 
that he discovered the fact, before he was aware that it was 

taught by Dr. Black, states them at 150°; Wil^e at^SO®; 

* 

Black at 140°; and Lavoisier md Laplace at 135°. The 
mean of the whole is very nearly |''40°. 

Water, then, after being cooled down to 22°, cannot 
freeze till it has parted with 140° of caloric ; and ice, after 
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l)eing heated to 32®, cannot melt till it has absorbed 140® of 
caloric. 'ITiis is the cause of the extreme 8lo\vness of these 
operations. "With regard to water, then, there can be no 
<loubt that it owes its fluidity to the caloric it contains ; and 
the caloric necessary to give fluidity to ice is equal to 140®. 

“ To the c|uantity of caloric which thq 3 occasions the fluid- 
ity of solid bodies by combining unth them. Dr. Black gave 
the name of latent heat, because its presence is not indicated 
by the thermometer; a term sufficiently expressive; but 
Ollier philosophers have rather chose to call it the caloric of 
ttuidityib” 


SOLIDIFICATION. 

All liquids excepting alcohol have been solidified, and all 
solids excepting the diamond have been liquefied. We may 
therefore conclude that heat is the cause why every substance 
exists in a particular uathral condition, and it will be pre- 
sen^y shewn, that by varying the action of that agent a new 
state may be obtained. 

Wlien a substance that is liqiiid at common temperatures 
assumes a solidified state, it said be frozen. ^ Some 
Reffiids freeze at temperatures little below that which is a 
frequent^ atmospheric temperature, and others require the 
utmost intensity of cold that can be obtained by the inge- 
nuity of modern philosopl^rs. When substances that are 


> System of Chemistry, p. 56. 
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solid at common temperatures become liquid, they are said 
to be melted or liquefied. 

From the experiments of Fahrenheit, Sir Charles Blagden, 
and other philosophers, it appears that the common freezing 
point of water is 32°, but by avoiding any agitation of the 
liquid, freeing it from atmosf)hcric air, and by taking great 
care in performing the experimelit, the temperature has been 
reduced to 22° Fahrenheit, before it assumed the solid state. 

Sea water requires a lower temperature for its solidifica- 
tion than pure water, a fact which is accounted for by the 
presence of salt. The same effect is generally obtaine#! when 
the salts are dissolved in jmre water, llie following table 
gives the results of Sir Charles Ulagden^s experiments upon 
the freezing points of various solutions : — 

Name of the Salt added. Proportion. Freezinfr point. 


Common salt • . 25 per cent. 4 Fahrenheit. 


Mur. ammonia . 20 „ 

, 

. 8 

»» 

Tart, potash . . 50 


21 


Sulph. magnesia . 41*6 ,, 


25-5 

» f 

Nitrate of potash . 12-5, „ 


26 

99 

Sulphate of iron . 41*6 *, 


28 

99 

Sulfftiate of zinc •;^53*3 „i. 

• 

28'6 

«• 

« 


From this table it will appear that the intermixtur^df 
common salt lowers, more than any other su^st%nce, the 
temperature of water. A knowledge of this fact cspahlcB us 


to account for the presence of nalt in sea v(fiter,, and is 
another evidence, if such were Required, of the design so 
admirably displayed in all parts of the creation. 
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VAPORISATION. 

Many solids and liquids may by an increase of tempera- 
ture be converted into the gaseous state. When substances 
are giving off vapour, which many do,^t common tempera- 
tures, and beneath their boiling "joints, they are said to 
untlergo evaporation ; but when the formation of vapour re- 
sults from an increase of temperature, the process is called 
vaporisatton. It is to the latter that we shall principally 
refer ift the following obser\-ations. 

The temperature at which a liquid %vill begin to boil can- 
not be determined from a knowledge of its properties, yet 
every liquid has its own boiling ])oint. Tlie following table 
gives the boiling points of a few substances which have been 
submitted to careful experiment : — 


Ether 

100° Fahrenheit 

Carburet of sulphur . . . 

113° 

99 

Alcohol, sp. gr. 0*813 • • 

173-5° 

99 

Nitric acid, sp. gr. 1*500 • . 

210^ 

99 

Water 

212° 

99 

Muriate of lime . . . . 

l^° 

99 

• 

Muriatic acid, sp. gr. 1*094 

232° 

99 

®il^f turpentine .... 

316° 

• 

Sulphuric acid, sp. gr. 1*842 

545° 

99 

•Phosphorus . • 

554° 

99 

Sulphur . . J • • • 

570° 

99 

Linseed oil 

640° 

99 

Mercury 

456° 

99 
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The boiling x)oint of a liquid, water for example, is by no 
means fixed, a variety of circumstances may interfere, some- 
times raising and sometimes lowering it. Two of these we 
shall mention, and they will both admit of proof by simple 
experiments. 

TTie first question to be considered is, whether liquids boil 
at the same temperature in all^’bssels ? answer to this 
question, we will give an abstract of a paper * by M. Gay 
Lussac on the experiments of M. Achard. 

“ The principal consequences,” he says, " deduuible from 
these experiments are 

I. That in a metallic ves.ujl, water in a state of ebullition 
does not j)reser\’e a fixed degree of temperature ; but that, 
on the contrary, though water may not cease to boil, its de- 
gree of heat is continually var}dng, and that this variation is 
chiefly jiroduced by the action of the air, as well on the sides 
of the vessel as on the surface of the water ; but that in a 
glass vessel the boiling water maintains a fixed and deter- 
minate degree of heat, without the external action of theiair 
upon the sides of the vesse] producing any alteration. 

II. That the nature of £he vessel has no influence upon 
the de^ee of heat ^^iilch the ••rater assumes in boiling. 

“ Tlie first of these consequences seems to me inaccurate, 
as far as it refits to the influence of the movii^ lir upon 
the sides of the glass vessel ; for it is difficult to ^cosiceive 
that, while that influence is very ^rceptible in upetallic ves- 
sels, it should be absolutely nothi/g in vessels of glass. This 


^ Ann. de Obomie, x. p. 49. 
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point, however, I do not stop to discuss, because the expe- 
riments of M. A chard having been made in vessels of differ- 
ent capacity, a)id containing unccpial quantities of water, do 
not present a sufficient uniformity of circumstances. 

“ The second consequence, that the nature of the vessel 
has no influeiice on the degree of he:^ which the water 
adopts in ebullition, is not airltnissihif!. Yet M. Achard has 
sometimes s&n w'ater boil at a more elevated tem])erature in 
a glass vessel, than it did in a vessel of metal ; but jas that 
* difference ^id not always occur, he rejected it as accidental. 

“ I remarked some years back, that a thermometer upon 
which I had fixed the }»oint of 100'^ centigrade, by boiling 
water in a tin vessel, did not stand at the same point in a 
glass vessel, though in all other ])oints the circumstances 
seemed ])erfectly similar. The difference wfis greater than 
one degree, and as 1 could attribute it to no other cause, but 
the nature of the vessels, I concluded that water boils sooner 
in a metallic vessel than ii\ one of glass. 

“ J by no means ])rctend to give the absolute measure of 
the (lifterence udiich may cxi^t bctjjveen tlie boiling points of 
M^ater in a metallic vessel, and iif one of glass ; on the con- 
trary, 1 conceive that this limitfis variab^, according^to the 
of the substance ; and for the same substanc‘c accord- 
ing to the state of the surface ; for it seems pqdiable that it 
de])ends at tTie same time on the power of conducting heat, 
and ii]ion the fxdish of the ^urfac*es.'' 

Hut there is a cause, ati ^spheric pressure, which has a 
much greater effect upon the boiling point of liquids. It is 
Well known that if water be placed under an air pump, and 
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the air be withdrawn, it will boil at a temperature much less 
than that required to ])roduce the same effect under the com- 
inon atmospheric pressure. An experiment’ may be here 
mentioned, which very beautifully illustrates the alteration 
of the boiling point from a diminution of temperature. Take 
a glass flask, and . filling it up to the neck with water, boil 
the liquid. While the water is boiling, place a cork that fits 
tightly in the mouth of the vessel, and remove the flask from 
the fire. When the boiling has ceased, pour over the vessel 
some cold water, and ebullition will recommence, /fhe cause ' 
of this curious phenomenon is evident. When the «iCork is 
placed into the neck of the vessel, the atmos})heric air has 
been excluded, and the vapour of the liquid has taken its 
place ; but when the cold water is poured over the surface 
of the vessel, the vapour is condensed, and a vacuum is con- 
sequently formed, a condition sufficient at once to account 
for the ebullition that immediately recommences. ITiis ex- 
periment is more illustrative of the effect of pressure than 
that which is sometimes made under the receiver of ap air 
pump. If the reader should wish to })erform the exjieriment 
in that manner, let him take a vessel containing water at 
nearly ^loiling temjtefature, feut not in a state of ebullition, 
place it under a receiver, and wifndraw the atmospherff^^r 
— the boilingK’ point will be lowered, and a ragidjpbidlition 
will be observed. 

If the atmospheric pressure beiincreased, the^boiling point 
will be raised; it has even been f^ted that water may, when 
under enormous pressure, be made red hot without ebullition. 

From what has been said, the reader wUl come to the 
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conclusion^ that the state of all substances, whether solids, 
liquids, or vapours, is regulated by latent heat ; a principle 
which cnalileS us to account for a variety of results that 
would otherwise be altogether inexplicable. I'hus for in- 
stance, the temperature of the atmosphere is always colder 
during a thaw, after a severe frosty th^ during the frost 
itself. When M;ater is taking a solvalfonn it gives out its 
latent heat, and consequently adds to the sensible heat of the 
surrounding atiiioepherc ; but when icc is rcsolv^jd into 
water, sensible heat is absorbed, and it is the atmosphere 
and sqjTOunding bodies which sup])ly the requisite quan- 
tity. 

In the process of evaporation also, we have evidence of the 
universality of the doctrine of latent heat. At whatever tem- 
l)eratures liquids become vapours, they must be supjdied 
with a certain amount of heat to assume a latent state. 
Hence it is that evaporation always j)rocluces cold. If a little 
ether, or any other liquid*that evaj)oratcs quickly, be held in 
the Jiand, for a little lime, an intense coldness will be felt, 
Ixcaiise the sensible heat of^the K^and is applif^d to the pro- 
cess of e\'aj)oration. For the Same reason water may be 
frozen in the warmest room, lyider tlfe' receiver of'an air 
fiUlfti). experiment & in itself so interesting, and is at 

the same time so illustrative of the principle, |vhich we have 
attempted to explain, that we may apjiropriately close our 
remarks on the subject b;^ an explanation of the manner in 
which it is performed. ^ 

'Fake a watch glass filled with water, and place it over a 
larger vessel containing sulphuric acid. Introduce both 
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these vessels under the receiver of an air pump^ and exhaust 
the 'fhe aqueous vapour will rise and be absorbed by 
the sulphuric acid ; but the temperature of thd water will be 
so much lowered by the absori)tion of its sensible heat to Eud 
the evaporation, that it will after a short time freeze. 


THE C'OMMLNTCATTON i)V HEAT. 

Jt must be evident to every one who lias considered tin.* 
nature of the ])hcnomena around him, that there aq* some 
active jdiysical laws which tend to estaidisli an ecjuality of 
temperature between all substances. If an iron ball be 
heated to redness, and then ]ila(*ed upon a stand in the mid> 
die of an apartment far from any other body, its heat 
is quickly lost, and the temperature is reduced to that 
of the air in the room. By whatever cause the tem- 
perature of a substance may raised or dcj»ressed, as 
soon as the cause ceases to act, the effect produced Ijeco^nes 
less and less evident until ptlas|, it vanishes altogether. Xovv 
there are two ways in which heat may !)e conveyed from one 

substalfce to anothe#,**-whcn they are in contact, and heat is 

* 

then said to be conducted ; and a^so when they are disfSiff 
from each othfr, separated by space or a non-conducting 
medium, and heat is then said to be radiated. In tkp one 
case we may suppose the agent ^ be transmitted from ])ar- 
ticle to particle, and in the other t^be communicated through 
space independent of conduction. Any substance raised to , 
a high tenijierature will communicate a portion of its heat to 
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every substance near it, partly by conduction, and partly by 
radiation. If we suppose it to be surrounded by dry air and 
])laced in a large apartment, there will be a continued com- 
munication until the temperature of every body in the room 
!s reduced to the same degree. Both conduction and radia- 
tion will he active in ])roducing the eff'v r.'and we may easily 
Iracc. their intjucilce. 'J’he body is of course surrounded by 
afinospheric air, and tlie particles in iinine<liate contact will 
Ik- licalod ; the specific gravity these is immediately 
chanjred, aAd becomim^ lij^hl or, they rise and leave the colder 
portions to occupy their place. lluTC will, therefore, be a 
coiistmil current of holt air rising from the body, pritdueed 
by the conduction of heat to the surrounding atmosphere. 

I 

But now ]jlace a thermometer beneath the radiating sub- 
stance, at such a distance, that there can be no possible con- 
duclion of heat ; or place the heated body and tberinometer 
in an exliausted receiver, spd there tvill still be a proof of 
cfimmunication, for the thermometer vnM rise, although there 
is no possilnlity of eoiuluetiori. By this and other experi- 
ments it has been proved, thaf bodfes having a tein])erature 


higlicr than the atmosphere by wbieh Ihyj^are surrouvled, 
and Uio substances near them, transmit in evert’ direction a 
portion of their caloric, and that in an uninensurably short 
period of time* 'J'his effect is jiroduced by the passage of 


calorific in straight lines, and is said to arise from radi- 

4 . 

ation. If any ]m)of were required of the actual transmission 
of heat, from one body to the^ther, it would be only neces- 


siSfty to place a screen of some substance, impervious to heat, 
between them ; and no effect is then produced upon the re- 
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ceiving body. These remarks will explain what is signified 
by tbe terms radiation and conduction of heat. 

In our attempt to illustrate the nature of those processes, 
by which heat is communicated, we shall endeavour to de- 
scribe some Bim])le experiments which may be performed by 
any of our readfii:,. In the former part of this volume we 
have adopted the same plan, as far as possible. 

The study of the natural sciences is sup])osed to be con- 
nected with such an outlay of money, as to prevent persons 
in the common circumstances of life, from the a<!;quisition of 
a practical acquaintance with them, 'lliis popular error 
should now be removed, for all the experiments required to 
prove the fundamental truths may be made with a few in- 
struments, easily obtained by most ])erson8, and far less ex- 
pensive than many of the luxuries of life, A valuable ap- 
paratus is required by the public teacher, but the student 
may easily construct, if he has a little mechanical skill, many 
of those instruments, which if purchased, would be most 
costly. 


^ I. THE POWER OP BODIES IN CONDUCTING HEAT. 

When we use the term conduction of heat, it must not be 
understood*to convey any theoretical notion of tke nature of 
the agent. The use of the term may be supposed*to imply 
the active communication of hfet, as a prinvipley from one 
body to another, or from onf part to another of the same 
body ; but we cannot be certain that this is the process by 
which the temperature is communicated. It may be as some 



CONDUCTION OP HEAT Bt” SOLIDS. 


211 


persons imagine, that the particles of matter, instead of trans- 
mitting the agent, may resist its progress, and that the effects 
produced, by what we term conduction, may arise from in- 
duction. It must, therefore, be understood that in the use 
of the term conduction, no theoretical opinion is advocated. 
► lliere seems to be a general tenijency, in '.Ii matter, to acquire 
a uniform tenjpeAturc for a substance unequally heated, 
soon diffuses its increased temperature. 


CONDUCTING POWER OF SOLIDS. 

If heat he applied to any part of a solid substance, the in- 
crease of tem])erature ])roduced in the ])art that is heated, 
will be communicated through the whole mass. All solids, 
however, do not conduct heat with equal velocity, a fact 
which must have been frequently observed by those who 
have paid the least attention to external jdienoniena. If for 
instance* a bar of iron, and a rod of glass be ])laced in the flame 
of a candle or in a fire, and on? be held in one hand, 
and one in the other, the iron will be too Jipt to hold bofore 
the jjhiss is warmed. Iron, therefore, is a better conductor 
than glass. 

There anf many interesting experiments by which the 
unequal conduction of heat solids may be proved. One 
or two of these We shall mention. 

Take a number of metalli^bars of the same size, and 
place them upon a stand made of some non-conducting 
substance. Ui>on one end of each bar place a small piece 
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of phosphorus and a lamp at the op])osite end so constructed 
that it may convey an equal temperature to pch. Tlie heat 
thus communicated will be conducted by the bars, and their 
relative powers of conduction will be shown by the periods 
of time required to inflame the pieces of phos})hoKus. Some 
will be ignited Ifii very short period after the lam}i is .> 
lighted, and others have a conducting p?)wcr so com})ara- 
tivcly tardy, that they will require exj)osiire to the flame for 
double the time before* 4he same effect is produced. 

■!> 

Tfike a smooth cylinder of iron and wra]) a piece of ^vrit- 
ing paper tightly round it, so that there may be ilb interval 
between them llie jiajier may be held over a spirit lamyi 
without being inflamed. Tlicn take a cylinder of charcoal, 
and after wrapping paper round it in the same manner, hold 
it over the flame and it will be speedily burnt. The cause 
of this difference of effect is very evident. 'ITie metal is 
a good conductor, and the heat .communicated to the paper 
cannot therefore accumulate in any jiart, hut is diffused. 
'Jlie charcoal is a had conductor, and the heat does al cumu- 
late, and scorch or burn .the ‘pj^pt’*'- 

Vany exiicriiytyits have been made with the intention of 
determining the relative comlucting powers of solids., 'riu* 
densest bodies are generally the best conductors, but there 
are some cxccjitions. llie metals are the conductors 
wnth which we are acquainted, but platinum ll^e^dcnsest of 
the metals has a very iiiferfor conducting yiowcr. Furs, 
hair and feathers are the wjrst conductors, which is sup- 
posed to result from the quantity of air between their jiarts. 

It cannot however fail to strike the reader that in this, as in 
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numerous other instances^ the Creator has made a provision 
for the comfort of his creatures; and ])y nature we arc 
taught how to provide against the cold to which we may be 
exposed. In winter we provide ourselves with woollen cloth- 
ing and furs^ by this means retaining the natural warmth 
of the body in consequence of the bad co^ucting power of 
the substance by^vliich it is ftiirrounacd. 

llic sensation of heat or cold is under some circumstances 
decej)tive. If, for instance, the hands be dip()ed ^nto a 
* basin of water at a moderate temperature, and then into a 
basin of^some hot liquid, the diiiercnce of temperature be> 
tween them would seem to be greater than it is, and this 
will appesir etddent if the hands be removed from the hot 
into the cold medium, for the cold will then produce a 
much more intense sensation. But in other instances we 
may easily explain the sensations produced by substances 
from a knowledge of their powers of conduction. Any 
number of bodies may have ])reciscly the same temperature, 
and jiet if successively touched by the haiul produce exceed- 
ingly different sensations. Le^thc substances be iron, wood, 
and charcoal, and let them all have the same temperature 
CIS shown by the thermometer. The iron'^Wll, when loftched, 
to be colder than thd wood, and the wood colder than 
the charccgil. Tliis arises from the greater pow^r of conduc- 
tion possessed by one, than the other. Iron conducts best, 
and consequently carries aW'Hy the greatest amount of animal 
heat in a given time. Hen(]| it produces the greatest sensa- 
tion of cold. 

Tliere are many instances in which a knowledge of the con- 
ducting power of solids may be applied in the arts. Furnaces 
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I 

lire frequently covered with a paste of clay and sand to pre- 
vent the csca})e of heat. To keep a substance which has a 
lower temperature than the surrounding air, at a fixed tem- 
j>erature, we surround it with flannel, and the same method 
would be adopted if its temperature were higher than that 
of the atmosphes:*- 

Experiments have "tieen made by several philosophers to 
determine the conducting power of solids, and the relation 
betwef*n that and their other properties. Hie following table 
will give the conducting power of a few of the metals, as de**' 
termined by Dr. Franklin and Dr. Ure, the best conductor 
being placed at the toj) of the li::t. 


Dr. Franklin’s results. 

Dr. rrt*'s results. 

Silver. 

Silver. 

Copper. 

Cop})er. 

Gold.) 

Brass. 

'Hn. 1 

Iron. I 

Iron. 

' ^ Tin. ) 

Steel. 

Cast Iron. 

Lead. ' , 

, Zinc. 

• 

Lead. 


Tht results obt&ified by M. Despretz differ in part from 
those deduced from the experifiients of Franklin ancf Wte, 
It may appear a very simple task to determine th^e conduct- 
ing power of metals, but the results are liable to consider- 
able errors in consequence of n diation. following is a 
table of the results obtained by^Despretz : 

Gold. . . . 100 


Platinum • . 9S*1 

Silver .... 97'3 
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Copper . - . 89*82 

Iron .... 37*41 

Zinc .... 36*37 
'I'in .... 30-38 

Lead .... 17*96 

Count Rumford made some curious e^|)eriments on the 
conductinjjT pow(;r of the substance^ cniejfly used as articles 
of dress. Tiie method in which they were performed, and 
the results, are sufficiently interesting to be mentioned^ His 
method was to suspend a thermometer in a cylindrical glass 
tube, tlie extremities of which had been blown to a globe of 
one-sixth of an inch in diameter, the bulb of the thermometer 
being placed in the centre of the globe. It was then sur- 
rounded w'ith the substance, an<l the instrument was heated 
in boiling water, and iifterwards being ))lunged into a mix- 
ture of pounded ice and water, the times of cooling were ob- 
served, The following are the results, the number of seconds 
being insurked, during which the thermometer cooled from 
70'^ Jo 10° on Reaumur’s scale : air 576"; raw silk 1284; 
wool 1118"; cotton 1046" fine, lint 1*032"; beaver’s fur 
1296"; hare’s fur 1315" ; eider down 1305". Tlic relative 
condticting powers are invers'iiy as thi? times of c<$oling ; 
hSfcl^ fur and eider dowil are the worst conductors, lint 
the best. ^ • 

" The relative conducting powers of these substances ap- 
pear to depcnjl on the quar4titics of air enclosed within their 
interstices, and the force qj attraction by which this air is 
retained or confined. If their imperfect conducting power 
depended on the difficulty with which caloric passes through 
their solid matter, the relative degree of that power would be 
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as the quantity of the matter. The reverse, however, is the 
case. It was found, by varyinfir the arrangement of the same 
c]uantity of matter, the conducting power was varied. The 
thermometer being surrounded with sixteen grains of raw 
silk, the time of cooling from70'^ to 10® of Reaumur amounted 
to 1214"; with rtf'.'^'hings of taffeta 1169" ; and with cut sew- 
ing silk 917''. Here it was ob\Tbus that the more dense the 
same matter was, or the less air it contained, diffused through 
its interstices, the caloric passed with more celerity. It is 
e\'ident also, that the air remaining in the globe in these ex- 
periments, if the motion of its parts had not l)een impeded, 
would have been sufficient of itself to carry off* the caloric 
more quickly than it actually was, for air in motion conveys 
changes of temperature with celerity, and hence the interpo- 
sition of the fibrous matter must have acted principally by 
retarding the motions of the enclosed air, partly also by re- 
tarding the discharge of heat by radiation. 

“ The former eft'ect will be in a great measure proportionate 
to their sponginess, and to the force of attraction with which 
the air is retained in their* inteBfticcs. lliat such an attrac- 
tion exists', is proved by the force with which they retain the 
air that adheres to lEh*em, evfti when immersed in water, or 
exposed under the receiver of an air pump. It is to^ fifis 
cause principally, that the property which all ixjroqs bodies, 
such as furs, feathers, wool and down, have of rctgiijiing the 
passage of caloric is owing.” 


CONDUCTING POWER OF LIQUIDS. 

It is generally supposed by those who are unacquainted 
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with tAe science of lieat^ that liquids are good conductors, 
lliis opinion, however, is not su])ported by experiment, for 
Count Rumford proved, long since, that they possessed this 
property very imperfectly, and was liiinself of opinion that 
they had no conducting power. It has been since shown that 
liquids have a conducting [HAver, thoi\|rV small in degree. 
'Hius, for instqpcc, water may be made to boil at the top of 
a ghiss vessel, without imjjarting sufficient heat to liquify ice 

one quarter of an inch distant from the surface. 

» 

The imperfect conducting power of a liquid 
may be jiroved by the following experiment. 
Place a small glass bulb and tube, containing 
air in a jar of water, so that the surface of the 
water may be a little above the top of the 
bulb ; fig. 27. Upon the surface of the water 
pbur a small quantity of ether and inflame it. 
If heat were conducted do\vnward, the air in 
the bulb would be exiianded, and the rise of bubbles of air 
wo^ld be observed. No such effect however is occasioned, 
and hence it may be deduct, that water does not readily 
conduct heat. A small thermometer will do as well for the 
experiment as a bulb and tube^fcontaining air. 

^flr. Murray made a very interesting experiment for the 
purpose ^f ascertaining whether Uquids had any conducting 
power, and its results were such as to prove that it had. We 
give tlie accopnt in his owh words : — “ In a hollow cylinder 
of ice, a thermometer was j^iaced horizontally, at the depth 
of one inch, its bulb being in the axis of the cylinder, and 
the part of the stem to which die scale was attached, entirely 
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without. As water could not be employed at the tethpera- 
ture at which it is requisite to make the experiment in tliis 
apparatus, on account of the jiroperty it possesses of becom- 
ing more dense in the rise of its temperature from 32^ to 
40®, oil was first used. A quantity of almond oil at the tem- 
perature of 32®, poured into the ice cylinder, so as to 
cover the bulb of the tfi&mometfer a quarter, of an inch. A 
flat-bottomed iron cup was suspended so as nearly to touch 
the surfi^ice of the oil, and two ounces of boiling water were 
poured into it. In a minute and a half, the thermometer had 
risen from 32® to 32^®; in three minutes to 34j®;,in five 
minutes to 36^®; in seven minutCi: to 37^*^; when it became 
stationary and soon began to fall. When more oil was in- 
terjiosed between the bottom of the cup and the bulb of the 
thermometer, the rise was less ; but even when its depth was 
three quarters of an inch, its rise was percej)tible, amounting 
to li degrees. With mercury the same results were ob- 
tained, the thermometer rising only with much more rapi- 
dity, from the mercury being a better conductor than oil^*,.” 

The diflSculty with which hesi/, is conducted downwards by 
a liquid, may be proved by’ either of the following experi- 

f 

ments. 

Put some litmus water into a gfass tube, and fill it up f aUC- 
fully with pure water. Apply heat to the top, and jthere >vill 
be no mixture of the two fluids for a considerable time ; hut 

. A* 

apply the heat to the bottom, that is to the bplb, and they 
win be quickly united. / 


‘ Murniy'’8 System of Chemistry. 
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Place a piece of ice at the bottom of a glass jar, and upon 
it pour water at the temperature of 32°. Upon the surface 
of these place a small wooden box with minute holes in the 
sides, and pour into it boiling water gradually, till the vessel 
is nearly full, and in spite of the great amount of boiling 
water, it will be diflicult to melt the But if the ice be 
allowed to lloat upon the surface, it will veiy^ quickly dis- 
apjiear. 

To show the cuiT(*nts which are formed by the circulation 
f)f heat •through fluids, the following experiment may be 
made,9 

Fill a glass tube with water containing amber or some 
other substance not soluble in that liquid, and ])lace the 
tube over a sjnrit lamp, llie circulation of the jiarticles 
will show the action of the currents, some ascending others 
descending. 

From this last ex])erimcnt it will aj>pcar that the slow 
conduction of fluids arises from the circumstance, that when 
fluids are heated they become specifically lighter, and hence 
cannot descend. But if h^at b» applied below, the lighter, 

that is, the heated particles rise, and the heavier or colder 

• i ft . 

descend, and this continues Antil an equal temperature is 
eftablished throughout. 


CONyOVCTINO PO\>ER OP ELASTIC FLUIDS. 

Count Rumford was of opinion that gases and vaiiours, 
which comprehend that class of bodies called elastic fluids, 

1 
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had no conducting power, and he proved hy many experi- 
ments that it is very imperfect. 

Experiments were made by Dr. Dalton, Sir H. Davy, 
and Mr. Leslie, for the ]mr})08e of ascertaining the conduct- 
ing power of gases by the cooling of thermometer bulbs. 
Thus, for instanc^vlr. Leslie ascertained that bodies cool 
more quickly in hydrogen gas than in atmospheric air, 
and in the latter than in carbonic acid gas. It would how- 
ever be thfficult to determine how much of the effect arose 
from conduction, and how much from radiation. *There is 
reason to believe that the elastic iiuids are conductors of 
heat, though very imjierfect. 

** In conclusion,” says Dr. Murray, after speaking of the 
conduction of heat, “ it may be observed that it is princi- 
pally by the agency of fluids, elastic and non-elastic, that 
the distribution of caloric over the globe is regulated, and 
great inequalities of temperature guarded against ; and that 
this agency is exerted chiefly by the circulation of which 
their mobility renders them susce})tible. *. 

“Thus the atmosphere, w^h wkich the earth is surrounded, 

serves the important ])urpose of moderating the extremes 
* 1 . • 

of temperature in every climate. When the earth is heated 
by the sun’s rays, the stratum of air l eposing on it recffvis 
part of its caKiric, is rarified, and ascends. At ^jfie same 
time, from a law which attends the rarefaction of , elastic 
fluids, they become capable of Lontaining enlarge quan- 
tity of caloric at a given tem|>era^ure as they become more 
rare; this heated sur, though its temperature falls as it 
ascends, retains the greater part of its heat ; its place at tlie 
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surface is supplied by colder air pressing in from every side; 
and by this constant succession, the heat is moderated that 
would otherwise become intense. The heated air is, by the 
])resHure of the constant ascending portions, forced towards 
a colder climate ; as it descends to supply the equilibrium, 
it gives out the heat it had received^ tfhd thus serves to 
moderate the -extremes of ’cold. 'I'here thus flows a current 
from the poles towards the equator, at the surface of the 
earth, and another sii])crior current from the equator to the 
poles ; -and though the directions of these are variously 
changed by inctpialities in the earth’s surface, they can never 
hc’ interrupted, but j)roduced by general causes must always 
operati? and prcvserve more uniform the temperature of the 
globe. Water is not less useful in this respect in the eco- 
nomy of nature.” 

11 TIIK IIADIATIOX OK HEAT. 

Mariotte a])])cars to have been the first wdio observed, or 
least experimented upon, the radiation of heat. ITie 
subject wvL« first alluded t# by %liis philosoidier in the Me- 
moirs of the Academy of Scienctis in Paris. “ The heat of a 
tire,” he says, “ reflected a burhilig mirror is sensible 
1ri*its focus, but if a g1a*ss screen be interposed between the 
inirro%aiyl the focus, is no longer sensibbA*’ Tliis W'as an 
observ'stion of great importance, and was aftenvards closely 
exiunjned JUy other philosophers. Lambert was one of the 
first to investigate the ^itatemont, and he endeavoured to 
separate the effect jirodiiced by light from that which re- 
sidted from heat. After having concentrated by a large lens 
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the light of a clear fire so as to receive it upon his hand, he 
was unable to delect any increase of heat ; but he succeeded 
by the means of two concave mirrors in so reflecting the 
heat of burning charcoal as to ignite combustible bodies at 
the distance of thirty feet. 

Scheele, in his lft4ebratcd treatise on air and fire, takes • 
some notice of this subject, and introduces a 'description of 
some valuable experiments he had made. \Vc are indebted 
to this (Mlebrated man for the term radiant heal, by which 
he intended to convey the same meaning as mightr be ex- 
pressed in the words heat flying off in rays. He also dis- 
covered that heat thus thrown off passed through space with- 
out any change of direction by the j)resence of air, and also 
that although a metallic mirror would reflect both heat and 
light, a glass mirror reflected the light only. 

M. M. Pictet and Saussure repeated these exjieriments, 
and introduced an apparatus, fig. 28, which is used in the 

I 

present day in all investigations on radiant heat, "llicir ap- 


paratus may be projierly described, as explanatory of the 
means by which the student ^nuslr make his cx])crimcnts in 
illustration of the facts to be presently mentioned. 


Fig. 28. 


.. 1)1 


k 13, arc two concave mirrors 
I I of polished tin about one foo?^ 
Yl in diameter, arid wi^h i* focal 
/ I length of 4^ inches, placed ex- 
actly ofipositc to eaoli other at 
the distance of twelve feet. C 
is an iron ball raised to a tem- 
perature just below that at which 
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it would be visible about two inches in diameter in the focus 
of the mirror A ; D is the bulb of a thermometer in the 
focus of the mirror B. As soon as the heated ball is put 
into its place, the thermometer will rise and give evidence of 
lui increased temperature. Another thermometer may be 
placed at the same distance, but out of k/iE focus ; and this, 
though in some degree aiiected, will not be acted upon to the 
same amount. 






Kig. 2J). ^ effect produced 

may, we ho])e, be un- 
derstood by the follow- 
ing explanation. Let 
the heated ball C fig. 
29^ be placed in the 
focus of the inirrror A, 
and some of the rays of heat which are projected from the 
heated body will fall upon the mirror l)y which they will be 
reflected in strsiight and ])arallel lines, tow'ards the o])])osite 
reflector B, by which they will l)e again reflecte<l, and 
brought to a point as at l),^whR^i is the focus. If then a 
thermometer be ])laced in this point where all the rays of heat 
concentrated, it must nec<J?sarily rise. 


• REFLECTORS OF HEAT. 

H 

In e^eperimenting upon\hc radiation of heat, it is custom- 
ary to use metallic reflectors, polished tin being generally 
chosen for the puqmse. All poUshed surfaces do not reflect 
heat equally. Glass is a much worse reflector than metab 
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and a mirror covered Avith ink refuses to reflect any portion 
of the heat that is thrown u]K)n it. Sir John Leslie, to whose 
labours we are much indebted for our knowledj^e concern- 
ing radiant heat, made a long scries of experiments, with the 
view of determining the reflecting ixiwers of different suli- 
stanccs. To obtSttt great accuracy of result, and to prevent 
the necessity of forming a new mirror for ev^^ry ^exiieriment, 

he adopted the following 
excellent arrangement ; 
fig. 30, A is rf metallic 
mirror ; / its focus* where 
all the rays of heat an* 
concentrated; is a re- 
flecting body placed at some distance Ijctween the mirror 
and its f(»cus. Ihe rays being intercepted by the reflecting 
surface before they reach the focus, will be thrown back, 
and meet in a point c, as far bef<M*e it as they would have 
otherwise lieen behind it. The reflector h h may be readily 
changed, and the ])OAver of the l)odies ])laeed in the sjftne 
situation compared by the fflcct^^ which they may have upon 
a thermometer i)laced at c. In this manner Professor Leslie 

« ^ I f . 

ascertained the reflecting power of several substances ; some 
^ ^ If' 

of his results are given in the following table : — 


Brass . . t 

100 

Lead 60 

Silver . . . 

90 

Tinfoil softened with menqpry 10 

'niifoii . . . 

85 

Glass ? . - . * . ... 10 

Block Tin . . 

80 

Ditto cc^ted with wax or oil . •‘i 

Steel . . . 

70 

A thermometer 

is 

not well adapted to measure radiated 
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heat, for it registers any casual variation in the temperature 
of the atmosphere as well as the intensity of the radiated 
heat. If a thermometer be used for the experiments, a 
second should be provided and placed near the other, but 
entirely (jut of the reach of the radiated heat, and liy its 
indications the observer majr correct any I'^for arising from 
an alteratioi^ of temperature in the atmos]ihere. But Sir 
Jolin Leslie has invented an in.strum(‘nt, fig. 31, the dift’er- 
ential thermometer, which is not ^iffected by any change of 
temperature in the atmosphere, since both its liulbs are acted 
ujMm eqmilly. 


iMg. 31, consists of a glass tube A, B, C, 1), 

supported on a stand S. A small ([uan- 
tity, sufficient to fill the horizontal jiart 
of the tube and one leg, of coloured sul- 
phuric acid is jdaced in the tube, and 

a bulb formed at the ends A and 

■ 

When the two balls are ex])oscd to an 
equal temperature, the fluid rises to the 
samelu^htiA both arms; but when one 
is more heated tlian the other, tlie cxjiansion of the enclosed 
aiu forces the liquid up the oiq^isite part of the tuljc. To one 
iinn a scale is attached by which a comjiarisoiimay be formed 


l)ct\A'een*ith^ temppatures to which the instrisncnt is subject 
at diHe»*ent times, and the Imlb on it is called the focal ball. 

: . 

TO snow THE RADIATION OF HEAT. 


Take two concave meti 


lie reflectors A and B, fig. 28.) 
Q 
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and place them o])])osite to each other at a convenient dis- 
tance. In the focus of the mirror A, put a hot ball, and in the 
focus of the mirror 11, one bulb of the differential thermo- 
meter, that to which the scale is attached, and the dry air 
contained in it will immediately bejyin to expand and drive 
I lie coloured flutMnto the other bulb. 

4 

l^luce a red lu»t ball in tlic focus of one lAirrpr, as in the 
]»rtvious exi)criincnt, aiid j;un]H)wder, or some other sub- 
s:an:‘i,».‘asily inflamed, in, the other, and it will soon be ex- 
]>!oded !)y the radiated heat. 

ITic (‘X])eriment may be varied by ])lacinf< a j)icce \if phos. 
]»horiis in the wick of a caiullc, and fixing it in the focus of 
the mirror U. llie j>bosj>horus will be inflamed, and the 
candle li^l'.ted. 

Ft may l)e w'dl to reiriark that we learn from the first ex- 
j)eriment, that heat unconnected with lif^lit is capable of both 
radiation and reflexion. The ball employed is sup])OKed to 
hai'c a bi^^h tenijicrature, but one below that at which heat 
beccjines luminous. We have, therefore*;^ a proof that?^the 
effect does not dei)end ifjKm ^be presence of light, for al- 

4 

though light and heat are frequently blended, they may have 
a sc|)arate existence. ' 

m 

M. Pictet endeavoured to ascertain the velocity of radiant 
heat, and for li*i« purjiose placed two conceive mf.talilc reflec- 
lois ojiposile each either at a distance of sixly-niiie*^it. n*e 
instant that the licated ball was placed in the?- focus of one 
mirror, the thermometer in the c^her was affected. It was, 
therefore, evident that the effect was transmitted with great 
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velocity' but the actual rate has not, and cannot be very 
easily determined. 


, RADIATING SUBSTANCES. 

All substances do not radiate heat equally, and it was 
sujy^csted to Sir John Leslie, by previous ex])eriments, that 
this probably arose froin the nature, of their surfaces. “• ITie 
* means adopted to determine this question may be here de- 
'*(ril)ed,»and the exjieriments easily repeated by the reader. 

A, fi{^. 32 , is a metallic reflector, B 
is its focus in which the ball of a 
differential thermometer is placed ; 
C is a tin canister, the sides of 
which may be covered with difler- 
ent substances. Let the canister 
be filled with boiling water, the 
'^urfatc nearest to the reflector will radiate its heat in that 
direction, and the rays ^^^ll b<®refltT*ted to a focus wdierc they 
will act upon tlie ball of the thermometer^ Let it tlien be 
.^iijqiosed that one side is left Uncovered, one coated with 
limipljTjick, anc)lhcr with isinglass, and the fourth with ink. 
When those jj^irfacei^ are sevenxlly presented to*the reflector 
they will found to produce diflerent effects upon the ther- 
uuiinctor., Thf lain|i black radiates most, the ink next, then 
the isinglass, and the tin l*jast. The metals are the worst 
radiators, as in fact we might expect, for they are the best 
rtdlc'ctors ; and it has been established as a general law , lliul 


32 . 
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the best reflectors arc the worst radiators, and also that the 
best radiators are the worst reflectors. The following table 
gives the relative powers of radiation ]) 08 sessedby some sub- 
stances as determined by Sir John Leslie : — 


Lamp black . . . 

100 

Isinglass . . .m . 

80 

Water by Ornate 

100 

Pl\iinbago .... 

75 

Writing paper . . 

98 

Tarnished lead . . 

45 

Resin .... 

99 

Mercury .... 

20 

Settling wax . . 

. 95 

Clean lead .... 

19 

Crown glass . , 

90 

Iron polished . . . 

15 

China ink . . . 

88 

Tin ])late . . . •*. 

12 

Ice 

85 

Gold, Silver, Copper 

12 

Minium .... 

80 




From this table it might be 8uj)posed that the condition of 
roughness or smoothness would have some elFect upon the 
radiating power of any surface. The radiating power of 
tarnished lead is represented by the number 45, while clean 
lead is only 19. From a variety of experiments it is certain 
that the more polished surfaces radiate less heat than the 
rough ones, and as an ilhistreidon of this fact, the following 
exi)eriment may be tried. 

Take a tin canister, as alAady described, and let one of its 

^ If 

sides be highly polished, and another scratched with a piece 
of sand j)ai)tr. Turn them severally ^^fhen tjie cranister is 
filled with hot water to the reflector, and iche th^mometcr 
in its focus will be more affected by the hesft throjvn off by 
the rough, than the smooth an<|i ])olishcd side. 

We are also indebted to Leslie for another important fact, 
— that within certain limits the radiation increases with the 



RADIATORS OF H^EAT. 


229 


thickness of the radiating substance. ITius for instance^ 
two sides of a vessel conUdning hot water were covered udth 
a jelly, one baling a coating four times as thick as the 
other, — the surface which had the greater quantity radiated 
most. 'JJie same result was obtained with other substances. 
Great thickness, however, is not required ; 'kir in the experi- 
ment just mentioned, the increase of radiation was not ob- 
served after the thickness of the coating amounted to more 
than about one thousandth part of an inch. 

Tliere may be some of our readers who will now be ready 
to encpiire what would be the eftect of })lacing a c(dd body 
in the same situation as the canister of hot water ? Would 
it not radiate cold and cause the licpiid to rise into or towards 
the bulb of the thermometer placed in the focus of the mir- 
ror ? It is true, that this effect would be produced, but the 
radiation of cold is not the cause. All substances radiate 
heat whatever may be their temperature, and they all receive 
or reflect the heat that falls upon them. If we %vere to jdace 
a mass of ice in the same situation as a canister of hot water, 
the ice would radiate some l^cat, 4)ut the ball of the thermo- 
meter would also radiate, and as it would have the higher 
teippcrature, it would radiate Aore thanlihe ice, and the rays 
tiJown oflT from it would l}e reflected from the mirror towards 
the ice. liquid, therefore, rises in the focal arm of the 
therraom^ster, not because cold is radiated from the ice, but 
becaus/it is in the act of l^adiating heat. 

ITiese remarks lead us at once to another enquiry con- 
nected with the subject of^ radiation. We have spoken of 
the substances wliich reflect heat, and of those which radiate 
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it, but neither the reflexion nor radiation could lie ascer- 
tained, if there were not some substance to receive the heat 
thus made ready to be communicated ; we must, therefore, 
now refer to the power of absorjition. 


ABSORPTION OF HEAT. ‘ 

The^^ffect produced u^non the thermometer ball by the 
reflexion of the radiant heat, must entirely de]iend u])on its 
receiving the heat communicated, that is, in other* words, 
upon absorption. When heat falls upon any su!)stance it must 
either be reflected or absorbed ; it must be either driven from 
its surface, or increase its temperature. This is evidently the 
case in relation to all the bodies unth which we arc acquainted, 
and a not less evident deduction may be drawn from it — that 
those substances which reflect best must be the worst to 
absorb, for they cannot receive much if they reflect a great 
deal. The reverse of this statement is equally true, for«if a 
substance absorbs readily, ‘it can have but small powers of 
reflexion. 

In all the ex])erimcnts hitherto described, the glass bulb 
of a thermometer has been used as the medium for the action 
(»f the concent Aited heat, and we have already fhorvn that 
glass is as bad a reflector as polished tin is a good on^ cover 
the bulb with tinfoil, and jilace it in the focus <tf the ;nirror, 
and it will be soon discovered, th^t the eflTect jiroduccd upon 
the thermometer is much less than when the uncovered 
liolislied glass ball was used. 
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Expeilments made upon a variety of other substances have 
led to the general law, that as the j)owcr of reflexion de- 
creases in any substance its jiower of absorption increases. 
But it has been already stated, that tlje radiating power in- 
creases as the reflecting power deerreases ; therefore, the 

t 

power of absorption and of radiation will k.flrcase together. 
ITiis fact might, have been deduced from a consideration of 
principles, but is proved by experiment. 

lA!t us take an example : — the j)olished metals aro4,good 
* reflectors, but they are bad radiators, and they are e(|ually 
inferior^n their jwwer of absorption. \Ve find that they are 
good reflectors when employed as mirrors ; we know that 
they are bad radiators, for when a polished metallic vessel 
containing hot water is placed before a mirror, little eflect 
is j)roduced on a thermometer in the focus of reflexion, and 
to give a very familiar in.stance of their deficiency in the 
|>ower of absorption, wc may refer to the well knoum fact 
that a polished fender or*a set <»f lire irons, may be before 
an i, Intense fire for many hours, without much increase of 
temperature. ^ « 

Allusion has now been made to Some of the most impor- 
tant general facts relating to v^he reflSefors, radiators, and 
aliUbrilenis of heat. We lifivc s2>okcn of those substances 
which archest adapted to throw off, in rays, t^c heat that is 
communicated to tfiem ; those which most readily reflect it ; 
and thoE 4 £} wlych most reaflily absorb it. 'Fliere is yet one 
other question to be considered, do all substances give equal 
facility to the passage of raoSant heat ? We are not now re- 
quired to examine the conducting powers of bodies, but the 



232 


PASSAGE OF RADIANT HEAT. 


resistance or non-resistance oflTered by substances uS the pas- 
sage of rays of heat. We know, as the result of experiment, 
that heat may be radiated in a space as free from air as we 
can obtain by artificial means ; we wish, therefore, to know 
w'bcthcr there are any substances in nature which have a 
tendency to retard the progress of this radiated heat. We 
\nsh to know what substances* are permeable to the rays of 
heat, that is, through what bodies the rays can pass, and 
cons(;«piently what bodies retard their i)rogress. We may, 
therefore, class our observations under the general title 


THE PASSAGE OF RADIA.NT HEAT. 

'riiere is a close connexion between the effects produced by 
heat, and those which result from light. It may not then be 
im])ro]HT to take an illustration of our present subject from 
the effects produced in the transmission of light, although the 
ca.ses are not precisely analogous. ITiere are some subst^ces 
which transmit light readily, ,thpre are others which ofier 
an irresistible obstacle to its progress — the former are said to 
be transparent, thfe ^dttc^ oiAique. Glass, water, and air are 
transparent substances ; metal, slone, and w'ood are djla^c. 
Thus it is with the rays of heat, some bodies maj^be trans- 
parent to them, that is, admit their ])assage, others may be 
opa(pie, or resist their progress. 'We must endeavour to 
ascertain which are pervious, and which impervious to the 
calorific ray. ^ 

To illustrate this subject a reference may be made to an 
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exi)eriin^nt already described ; see fig. 28 : and B are the 
reflectors, C the heated ball, and D a bulb of the thermo- 
meter. Now there is atmospheric air between the heated ball 
and the reflectors, and as an effect is instantly i)roduced upon 
the thermometer, the air can have little i)ower to resist the 
passage of radiant heat ; or in the terms usually employed by 
scientific men, it is ])crvio(is. llie same is true of all the 
gases, for it has been proved by Leslie and others, that an 
e(jual effect is produced upon the thermometer, whichever of 
* them may be between the rjidiant body and the reflector. 

lliejliodies which radiate worst, that is, reflect most, arc 
found to be most active in ])reventing the passage of heat, 
and arc consequently used as screens when it is necessarj" to 
prevent the effect of radiant heat. I his luis been proved by 
exi)erimcnt, l)ut might have been anticij)ated from the state- 
ments already made, for it is evident that those substances 
which have the jxiwcr of reflecting much of the heat that 
falls u]»on them, can have little po\ver of transmission. The 
i*n1irc subject depends upon this one question, “ Is the sub- 
stance under consideration# most capable of reflecting or of 
transmitting heat ? ” 

.Tlie metals, even when reduYred to ext/eme tenuity* entirely 
iKtefeept radiant heat. A gold leaf, it is said, so thin that 
300,00(4 of them would not be an inch in thickness, is sufli- 
dent to stop the rays. A deal board will produce a similar 
result,^^l)ut in a less degrSe, for some eflTect will be i»roduced 
through one an inch in thickness. Glass also, is capable, in 
some degree, of interceptiAg radiant heat. 

Take a canister containing boiling water, and place it oppo- 



234 


GENERAL REMARKS. 


site to a reflecting mirror, and register the efiect {froduced 
upon a differential thermometer in a certain time ; then re- 
turn the thermometer to the state in which it was previous 
to the first experiment, and place a glass screen between the 
reflector and the thermometer ; — the thermometer will now 
be affected in a'lwuch less degree than before. This experi- 
ment will prove that some subsbibces intercept the rays much 
more than others. 

Sir j,ohn Leslie also determined the effects produced by an 
alteration of the distance between the screen and the radiant 
body. The nearer the screen was placed to the ra^liating 
substance^ the greater the effect; and as the distance be- 
tween them increased, the effect ui>on the thermometer de- 
creased, and was soon entirely destroyed. 

M. De la Roche entered into an investigation of the power 
possessed by radiant bodies at diflerent temperatures to pene- 
trate screens, and j)roved that the power of the rays incresises 
with the temperature of the radiating body. Tliis is a most 
important fact, and deser\'es consideration in every experi- 
ment when screens are emjiioyecl» 

We have now considered t\ie most remarkable phenomena 
which attend the radiation, reflection, absorjition, and trans- 
mission of radiant heat. From wfiat has been stated itlnil^' 
be supposed thaJ; the surfaces of all bodies in som^' degree ra- 
diate, reflect, and absorb, and are constantly exercising all the 
three projierties. There must, therl/fore, be a continual inter- 
change of heat between them, and at the same time a ten- 
dency to establish a uniform tempirature. The heat radiated 
by one body may be reflected by another, but must be ah- 
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sorbed l?y some one, while at the same time the body which 
we suppose to be radiating heat must be receiving it from 
other substances. We may, therefore, consider every sub- 
stance as a radiator, but the quality may be either in a 
greater oy less degree, lliere is an evidence of design in the 
fact tliat those bodies which radiate best, absorb most ; for if 
it were not so arrange*!, they would be constantly decreas- 
ing in tenipcralure, that is, if wo sup])ose them to give out 
more beat than they receive. An^l s*), if those substances 

► 

which have little or no radiation had great al)sorbing power, 
their temperature would soon be raised higher than that of 
all other substances, and to the incrca.^e there could, as far 
as we kn*)W, be no end. 

Wc might mention many instances of the a]>])lication of 
these facts to the arts, one or two \A'ill be sufficient to illus- 
trate the observations we liave made, and to impress the 
l)rinciples n])on the mind of the student. 

Everj' body which is re«juircd to retain a high temperature, 
slioiSd have a surface that is a ba<l radiator, and since bad 
radiators are good retle<’tors, the sihnc wSiirface is well adapted 
U) jjrevent the absorption of heat, and keej) a cold body con- 
Uiined within it at a low temperature. It is commonly sup- 
posed among a jiarticular class of persf)ns that tea may be 
ke]>t warJK fijr a mych longer time in a coinmoft black porce- 
lain i)ot. than in a Britannia metid, or bright silver teapot. 
N^o opiruon ctin be more opposed to the results of experi- 
nient, for we have stated ]»roofs that bright metallic surfaces 
ftre almost incapable of radiation, and it might easily be 
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proved, that few substances can radiate better tlij&i black 
])orcelain. 

To keej) an apartment cool, greatly exposed without to 
intense heat, nothing could be belter than to surround the 
outside with })olished metal, which would reflect nearly all 

the heat throwlflipon it. The heat which is suffered !)y a 

• 

man wearing bright armour, dods not arise from the passage 

t 

from without, but from the great inabilityof the metal to radi- 
ate thtt heat from within. ^ A bright steel dress would, in fact, 
transmit less of the heat of the sun, than a suit of wtx)llcn 
clothing. In our work on the Earth, the reader will find 
some instances of the agency of these principle‘s, in producing 
natural phenomena. 
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CHAPTKR V. 

^ • • 

(»l*TU'S. 

i iVTUO DU CTO U Y UEM A RK S . 

9 

More ’than* two thoiisaiicl years have passed away since 
Aristotle, the earliest writer on optics, whose treatise has 
come down to our own times, penned his unsuccessful paper. 
About fifty years after, the celebrated Euclid wrote a work 
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on the same subject, in which he maintains that “ visual rays 
issue from the eyt^s in cliverginj^r rif^ht lines, so as to form a 
j)yramid or cone, whose vertex is in the eye, and whose base 
encircles the object we contemplate/* In the year nx. 218, 
Archimedes flourished and invented his burninp: mirrors. A 
few years after^THolcray Eiier«;ctes fixed his great mirror on 
the tow'er of the Pharos at Alexandria. In the twelfth cen- 

I 

turj” the celebrated Arabian Philosojdier wrote his Treatise, 
afterwards jmldislicd uik^'t the title “ Thesaurus 0|)tica* 
and during the three following centuries arose Bacon, Porta, 
Rlaurolicus, and Kepler. 'I'hc seventeenth century j)iM^duccd 
Antonio de Doininis, Harriot, Boyle, Hooke, Grimaldi, 
Leibnitz, BaiTow, and the. pride of England, Sir Isaac New- 
ton. Since the days of Newton, the science has been beld in 
high esteem by Pliiloso])hers, and the many discoveries re- 
cently made, have ac(|uainted us with so many curious facts, 
that it may now be fitly denominated the most beautiful and 
diversified of all the Ph}’sico-Mathematjcal sciences. 

There has l)ccii a great diilercnce of ojriuion concerwng 
the nature of light, and in Uie jjresent day writers are by n(» 
means agreed ui)on this curious enquiry. It is said tliat 
Timaeus, who wrote^a^Preatis^ on the Nature of the Soul .of 
the World, supjxised light to be an immaterial essence. ifs 
Cartes imagineii^ it to be produced by uiidulatioi^s cx^'dted in 
an ether of extreme rarity. Sir Isfiac Newton taught, that 
light consists of a vast number of exceedingly sitiall p^irticlcs 
emitted in all directions from the luminous body. These 
])articlcs arc said to be thrown oul with an amazing velocity 
in right lines, and may be deflected out of their course by 
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])ro(;esse3 called reflexion and refraction. It is not our inten- 
tion to examine tlie arguments by which these theories are 
su})])orted, but shall at once jjroceed to explain the effects 
jiroduced upon light by substances of different kinds. The 
onl}' preliminary statement necessary to be understood is, 

that light moves in right lines, a fact discovered by the disci- 

• 

pies of Plato, and clearly ]iroved by the fonn of shadows, and 
by the direction of a ray admitted into a darkened room. 

UEFLliXTON OF LIGHT. 

When a ray of light jiroceeding in a right line from any 
limiinous body is intereejited in its course by a mirror, it is 
thrown back again, or reflecaed, and made to move in a direc- 
tion diirercTit, and sometimes opjiositeto that it was taking at 
the moment of interruption, 'ilic direction of the ray after 
reflexion will de])end on the form of the surface which reflects, 

t 

without regard to the composition of the substance ; to de- 
termine this is our present object, without attempting to 
»lt scribe any of its acquireiV ph>%sieal properties after re- 
•lexion. 

1 When a ray of light is incident on a smooth {>olished 
portion of it is reflected, and the reflected ray will 
be on tlia^sii^e of the perpendicular ojqmsite tc*the incident, 
and will n,iake an angle with it e([ual to that of the inci- 
liental raj’, . * 

Let A II, fig, 33, be a iihine mirror, or any other reflect- 
ing surface, and 10 a ray ot light incident upon it, the ray 
vi’ill be reflected in the direction OR; so that the angle 
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Fig. 33. PO R, called the angle of re- 

X P flexion^ sliall be equal to the 

N / angle POI, which is the 
/ angle of incidence. Now 

/ this is true in every case, 

/ and therefore, it is stated 

' ' that the angle of reflexion is 

A equal to the angle of inci- 

dence. This is the first lyid fundamental law of reflexion. 

II. When parallel rays fall upon a concave reflecting sur- 
face they will converge, and meeting will cross ca«li other 
at a point called the focus. 

Pig. A canned sur- 

face can only be 

ejLz a, considered as 

j^/ composed of a 

^ vast number of 
^ almost infinitely 

I small plant sur- 

y ^is=z -7^ • • ' C faces inclined to 

\ - each other. I^et 

^ .* - - rf AB, BC, CD, 

‘ DE, figTa^re- 

preseift any df these planes, and let parallel ray^ fl#S, c, (/, fall 
upon them. Let em^fl^gk^ and fc», be lines pcr])undicular to 
the inclined planes. Then the angles aem, bfl^ will be 
the angles of incidence, and as the angles of reflexion are 
equal to them, and on the opposite side of the jjerpendi- 
cular, they will be represented by m e F, l/F, &c. ; the reflected 
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rays must, therefore, converge and meet in a focus. The 
converse of thlj is also true ; for if rays diverge from the focus 
of a concave surface as at F, they will be reflected parallel to 
the axis of the concave surface. 

III. When converging rays fall u})on a concave surface, tliey 
will be reflected converging, an^l meet in a point. Let ac and 
Fi 7 . Il/i. Ae,fig.35,betworays converge 

ing to some i)oint beyond the 
mirror AE, and let them Ue in- 
tercepted, the rays impinging 
on the points c and c; and Id 
dc,^e,be lines perpendicular to 
the planes of those parts of the 
( un’c, then the reflected rays will be in the direction c/, ej\ 
and the rays will converge to, and cross each other at the 
|)oiiity*. 

IV. W'hen parallel rays pf light fall upon a convex surface 






Fig. 30. 


A 

\ 


r 




and are reflected by it, the}' 
diverge. Let AB, fig. 36, be 
* convex surface, and ac^ db, 
^^two incjd^nt rays impinging 
r* upon the curve in the points 
c and d. Let ec^fd, be per- 
pendiculars to the curve at 
the points c and d; eca^ and 


fdb are khe angles of incidence, and the angles of reflexion 
must be ecpial to them on tJje opposite side of the perpendi- 
culars ec, df, that is e eg and/d q. 

We might now proceed to speak of the appearances pre- 
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sented by images after reflexion from plane and curvilinear 
mirrors, hut this subject may be more properly introduced 
when we describe the character of ojitical instruments. 


REFRACTIOiy OF LIGHT. 

ft has been doubted whether the refraction of light wa.>- 
kno^ before the time orf Pythagoras. Dioj>trical phenomena^ 
are, no doubt, much less frequently observed, than those of 
reflexion, but they are too iiuinerous for us to sajjliose that 
they were unnoticed by even the first inhabitants of the earth. 
The slic])herd, the traA^eller, and the husbandman, in the 
earliest ages must have frequently seen, and made many 
attempts to investigate, these curious api)earanci\s. 

When a ray of light falls upon a trans])arent unciystal- 
lizcd medium a portion of it is d^ppersed in every direction, 
and by the scattered ])art (►f the ray the surface is made visi- 
ble; another j)ortion * is reflecte<l, and the remainder fnters 

the medium. * •’ 

« 

In reflexion from a surfac^ the law governing the direction 
of the reflected ray is the saine,^ whatever may I)c the n^urc 
of the reflecting medium. Hut when light is refracted, the 
direction of 1^le refracted ray w'ill be di(Jf*crent« according to 
the nature of the medium through which it jiassjes. 'rhere 
arc, however, certain principles which are universal, «ind these 
will enable us to detennine the direction of the refracted ray, 
whatever may he the nature oi the substance by which the 
refraction is produced. 


I 



EKFRACTION OF L^HT. 


243 


1. TheVundaraental law of refraction is this; 'JThe sines of 
the angles of "^^cidence formed by any two rays incident on 
any medium, have the same ])roportion to the sines of the 
angles of reflexion ; and this law is true for both plane and 
curvcMl surfaces. 

Let DSDP, fig. 37, be a circle; DOD and j^OS two dia- 
meters perpeiiflicular to each other. Let AO be a raj' of light 
incident upon the surface DOD, which we may consider as 
the surface of water. The ray wi\} not pass through*" the 
water in a straight line, but will be ])ent or refracted at O 
^ Fig. 37. into the line OR. The an- 



hc another incident ray, and 
sine of the angle of incidence 
fraction. Now G h will have 
Ac has to^R He;nce it wi 


gle made by the incident 
ray with the perpendicular, 
that is the angle AOS, is 
called the angle of inci- 
dence, and POR the angle 
of refraction. cA is the sine 
of the angle of incidence, 
and cR the sine of the angle 
ol' refraction. Now let GO 
OTi the refracted rav, Gb is the. 
, c/L, tlie sine of the angle of re- 
the same proportion to d L, as 
11 ap])car that wheft any two or 


more rays light fall u]K>n thc! same medium at different 

^ ^ m 

angles of /incidence, the sines of the angles of refraction will 


have the same proportion to their respective angles of inci- 
dence. ^ 


1 J. When a ray of light falls j)crpendicnlarly upon the sur- 
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face of a refracting medium^ whose sides are parallel to each 
other, it will jiass through that medium in the «taine direction, 
and in the same straight line, and therefore, does not suffer 
refraction. 

Let FE, fig. 38, be a ray in- 
cident at the point II, upon the « 
surface A C of the medium A B 
C D. The ray will iininerge at 
G, and have the same direction, 
and be in the same right line as 
FII, and therefore durt'. not suf- 
fei refraction. 

111. When a ray of light falls oblitjuely u])on the surface rif 
a refracting medium whose sides are jiarallel to each other, it - 
passes through that medium, in the same direction, but not 
in the same straight line. 

•Sif’ l^et E G, fig. 39, be a ray of 

light incident on A B C D, at 
tlie jioint G. After passing 
•Jirough that medium it will 
take the same direction, thougl! 

^ it will not move in the .saim- 
^ straight line as previous t(» 
A ]} ' j: refraction;; for jio\iC'much so- 

ever the ray may be bent out , 
of its direction at the first surface of the glass, Vit will be 
refracted as much in the opposite direction at the second 
surface. Although the ray Eb does suffer refraction at G, 
and is, therefore, prevented from passing in the line G/, 



Fig. 38. 
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it is also equally refracted when passing from the glass, 
into the air a^ the point H, and the refracted ray H F is 
])arallcl to the line GjT, which would liave been the direction 
of the ray, if it had not been refracted. 

IV. When parallel rays fall perpendicularly ijpon the plane 
surface of a refracting mediu^^ the other surface being con- 
vex, they converge and arc refracted to a ])oint. 

Fij?. 40. Let CG, DK, HI, fig. 40, 


A. 



H 

B 


be parallel rays of light falling 
perpendicularly upon the ])lane 
P surface. AB. CG not only 
hills jierpendicularly nyion the 
plane surface A B, but also on 
the convex, surface AG B, and 


therefore, moves on without suffering refraction. The rays 


1) E and II I fall obliquely on A G B and are, therefore, re- 
fracted ; the ])oint F where they^ cross is called the focus. 

V. When parallel rays of light fall perpendicularly on the 
plane surface of a medium, the other surface being concave, 
they are refracted diverging. ‘ * 

Fi^r.41. ^ LctFJJ^DE, IK,ifig. 41, 



be the incident rays. FG 
passes through the medium 
without refraction, for the 
reason already stated in pre- 
\'ious problems. But in all 
other positions the rays are 


refracted diverging, D E to H, and I K to L. 


All the efiTects which we have endeavoured to illustrate are 


! 


1 


\ 
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true, whatever may be the nature of the refracting substance. 
Of all traiispiarerit solids glass is most frequeiitly employed. 
There are many substances which have greater refracting 
powers, hut there are none which can he obtained with so 
much facilit 3 ^<)r be ground and polished with so rtiuch ease. 
Still there are many objection^ to its use, and })articularly 
that of the ])roductir)n of colour. • 

'i'here are six shapes into which glass is frequently cut for 
the i)urposcs of refractiffn. ITiese are called lenses, and are. 
represented in the following diagram. 


Fi-. 42. 



1. 2. 3, 4. n. 0. 


No. 1, is a jdano-convex lens having one side plane, the 
other convex : 2 is a double convex having both sides equally 
convex ; 3 is a crossed lens, and its surfaces are of uill§qua] 
cun^ature : 4, is a plano-qonclve lens : 5, a double concave 
lens : f / a meniscqs.^ ^ 

It does not appear that the aq^ients were acquainted wtb 
the real cause of refraction, although they had a know- 
ledge of some of the most important i)honomeiia. ^^Thc first 
rational exidanation to be met ydth on the subject is said to 
be in the IVeatise on Ojitics, by Claudius PtolemyJ^ who as- 
signs the changes made on incident rays to an attractive power 
in the medium through which they pass. 

Archimedes, who lived 1350 years before Ptolemy, wrote a 
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Hrealiscj o^i the afipearance of a rinf? under water, — whicli is 
fi phenomenou entirely owing to refraction. In the life of 
P}lliagoras written by Jainbliciis, (it is not decided whether 
it is the Syrian, or he that was born at Colcher, for they were 
contemiiorarics,) an incidental allusion is made to optical in- 
struments which magnify objects. These mlist have been 
convex lenses. Pliny olisefves that Nero made use of eme- 
ral<ls, whose surfaces were convex, to assist liim in viewing 
exhi1)itions. Seneca knew that the rays of the sun, when 
* they fall upon a triangular prism, are refracted, and colours 
are pcQ^uced ; and he says ‘betters, though minute andob- 
Hciirc, ajipear larger and more distinct when vicM'cd through 
fi glass bubble filled with water.” But these bubbles were 
probably known long before the time of Seneca. ITiey are 
not unfrequently found in )>laces where Uruidical remains 
have been discovered, and with them lenses of rock crystal 
of a regular form and [Kilished. Some of these are globular, 
others lenticular ; — One an inch and half m diameter was 
giv«n by Dr. Woodward to the University of Cambridge. It 
is probable that these lenses A^ere<used for the purpose of ig- 
nition ; but whoever had occasion to handle or use them, must 
have observed their magnifpng power. •'"flicre are m^y pas- 
saj^cs^n the ancient writings, winch relate to the same sub- 
ject, and might be quoted. One or two will be sufficient. 
Aristophanes, in his Tragedy of “ Tlie Clouds,” which was 
uTitten^o ridicule Socrates^ introduces that great man as ex- 
amining Stripsiades on his method of getting rid of his debts. 
“ ril use the glass I light Aiy fire with ; and if they bring a 
writ for me. I'll place my glass in the sun, at a short distance 
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from it, and set it on lire.” Pliny says, that globed of glass^ 
if exposed to the sun, will fire cloth, and may used instead 
of caustics. Plautus also mentions burning glasses. 

Alhazen, who wrote on many optical phenomena, has 
spoken of refraction, in the explanation of wliich l;e adopted 
the oi)inions ?IF Ptolemy. He was not ignorant of the refrac- 
ting power of the atmos])here^ in elevating ^the heavenly 
bodies, and in giving them a false altitude ; he also proved 
that ^rom the same caus^ the vertical diameter of the sun and 
moon are apparently contracted, and believed it to be the 
origin of the twinkling of the stars. 

Vitellio, who wrote a Treatise on Optics, showed that when 
light passes through any medium, a considerable portion of it 
becomes extinct. He also formed a table of the different re- 
fractive powers of air, water, and glass, and proved that re- 
fraction was necessary for the production of the rainbow. 

Roger Bacon accounts for the superior magtiitude of the 
stars when seen on the horizon than on the zenith, in the 
follomng manner, “llie rays of light coming fronf»th( 
stars are made to diverge froci one another, not only b> 
])assing from the rare medium of ether into the denser one o: 
our surrounding aif, •but alscf by the interposition of doiidi 
and vapours arising out of the earth, which repeat t^e ?e. 
fraction and augment the dispersion of the ray6,^^'h«reby th( 
oliject must needs apjiear magnified to the eye.” • 

John Baptista Porta was the inventor of the Camera Ob- 
scura. lliis singularly ingenious philosopher formed an as 
sociation, called "The Academy (if Secrets,” and published 
before he was fifteen years old, his " Magia Naturalis,” ii 
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which describes the Alagic Lanthom, and the instrument 
already mei^^ioned. 

Shortly after the time of Porta, Snellius discovered the 
method of measurinpf refraction by means of the sines. Many 
persons have jriven the honour to Des Cartes, but Huygens 
declares that he transcribed it into his works from the pa)3ers 
of Snellius. We arc, however, much indebted to Des Cartes, 
and Dr. Halley pays him a just tribute of honour, wdien he 
says, “ although some of the anejients inentioii refrac^tion as 
the effect of a transparent medium, yet Des Cartes was the 
lirstJL'^ho reduced Dioj)tncs to a science.” 


CHROMATICS, OR THE THEORY OF COLOUR. 

We have hitherto considered light as a simple substance 
t)f a white colour. But a beam of white or solar light is 
ca]>able of decomposition, and is found to consist of 
differently coloured rays. 'ITiis fact was discovered by Sir 
Isaac Nc^wton, and may b< 5 ^ proved in the most striking man- 
ner by the folloAving experiment. J^et us admit through a 
small round hole in the winiow shifttfr a ray of ^ight into 
J dark room. If this lie* received on a white screen, it will 
present; th^ appearance of a round white spot, which will in- 
crease ijti size, as the screen is removed to a greater distance 
froin^fie hole. But, nc?w place a triangular prism of good 
flint glass in the path of the ray, and let it be in such a direc- 
tion that one of its an^es may be downwards, the beam 
falling on one side obliquely. The light passing through 



250 


C11ROMATIC8. 


the glass will be .refracted and thrown upwards, dnd may 
be received on a screen, or the white surface^f a wall or 
ceiling. Upon this screen a long streak of vivid colours, 
usually called a spectrum, will be obser\"ed. ITie lower ex- 
tremity is a brilliant red, which ))asscs into an orange, and is 
succeeded by a^)ale straw yellow ; a pure and intense green, 
succeeded by a blue deepening irito a pure indigo, are next in 
order, and a violet forms the other extremity of the. Hj)cctrum. 
Any of these colours may ^evidently be obtained se])arately, 
for if a small hole be made in the first screen, it may be so 
adjusted as to admit any one of the rays to pass, axifl fall 
upon a screen situated behind it. From this cx]>criracnt 
we might be induced to enquire whether these insulated rays 
may not be again decomposed ; the attem})t lias been made 
by ])lacing another i)rism between the two screens, and 
allowing a ray of either coloured light to pass through it ; 
refraction will be observed, but there will be no further 
change of colour. As we can analyze white light it may be 
supposed that it can also be recomposed, which is true. «>If 
for instance we admit a ray r f lig^t u])on a prism, and throw 
tlie spectrum upon a convex lens, a sj)ot of white light will 
be formed* on a screeti placed behind it. 

Mac Laurin, Newton’s faithful commentator, in detaOiii^: 
the expeiimenti^ of that pliilosojfiier, makes thc^ foSowing 
remarks, which may be quoted as accurately expressing the 
opinions of bis author : — The sun's direct light, is uni- 
form in respect of colour ; not being disposed in every part 
erf it to excite the idea of wliiteneefc wliich the whole raises ; 
but on the contrary, is a composition of different kinds of 
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rays, onA ^ort of wliich, if alone, would give the sense of red, 
another of Vange, a third of yellow, a fourth of green, a 
fifth of light blue, a sixth of indigo, and a seventh of violet ; 
that all these rays together, by the mixture of their sensations, 
impress . u])on the organs of sight the sense of whiteness, 
though eacli ray always i]n}>rints there its own colour ; and 
iill the diflcrence between the colours of bodies when viewed 
in oj)en day-light arises from this, that coloured bodies do 
not reflect jdl soils of rays filling u])on them in. ecjual 
plenty ; the bf)dy appearing of that colour of which the light 
coraitilT from it is most comjiosed.” 

To produce white light, it is necessary there should be a 
reunion of all the colours, for if either be intercepted the 
white is not produced, and we may, in fact, form any shade 
of colour, with a brilliancy surpassing any artificial colouring, 
by modifying the amount of the several rays. 

Dr. Wollaston considered the spectrum to consist of only 
four colour^*, red, green, blue, and violet, supposing the 
others to be compounded of tliem. Dr, Young on the other 
hand, considers red, greoe, anti violet as the fundamental 
colours. 

• From wliat has been said, it will ahSiost suggest itself to 
every mind, that the colours of bodies are not inherent. We 
have stien ^he saine white screen presenting a red, yellow, 
violet, <ind other colour according to the character of the 
ray, (fr combination of rays thrown upon it. The real cause 
of a variety of colour, according to the Newtonian theory, is 
the different dispositions 4)f substances to reflect peculiar tints. 
Every substance has a greater power to reflect one coloured 
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ray than another, and the others are more or trans- 
mitted, stifled, or in other words absorbed. /4liis is the 
Newtonian theory of colours, and is supported by the ready 
explanation it gives to every phenomenon. 


DISPERSION. 

« 

In e;cplaining the laws refraction, the refractive indix 
of a ray incident upon a medium, was considered as though it 
passed through in one direction, and suffered no sepaffetion. 
It must now be evident, that this is not af)solute1y tnie ; 
for in passing through a refracting medium, the ray does 
undergo sex^aration, is divided into a number of parts, and 
is in fact disjiersed over an angle greater or less, according to 
the nature of the medium on which it falls, and the obliquity 
of the incident ray. 

ITie first proposition in Sir Isaac Newton’s Optics, is, 
“ Lights which differ in colour, differ also in degrees of fe- 
frangibility.” This he proved by some interesting experi- 
ments. In his first experiment he took a jnece of oblong 
paper, wliich he cuf A) as to^form the sides parallel. He 
then drew a perpendicular right line from one side to the 
other, so as to divide it into two equal parts.. One of tfcese he 
painted red, the other blue. This paper he viewed by means 
of a glass prism, whose two sides through which the) light 
passed to the eye were” says Sir Isaac, plane and well 
polished, and containing an angle 6t about 60^, which angle I 
call the refracting angle of the prisms ; and whilst I viewed it. 



DISPERSION. 


253 


1 held i^ljefore a window in such a manner that the sides of 
the paper ^re parallel to the prism^ and both those sides 
and the prism i)arallel to the horizon, and the cross line i)er- 
pendicular to it ; and that the light which fell from the win- 
dow upon the i)aper, made an angle with the pai)er equal to 
that angle which was made with the same jmper by the light 
reflected from the eye.” He then observed that when the 
refracting angle of the ])rism was turned upwards, the blue 
half was raised by refraction higlv^r than the red, and when 
the refracting angle of the })rism was turned downwards the 
blu^Aalf was de])reased lower than the red.” 

From this it was proved that blue colour suffers a greater 
degree of refraction than red. 

A question naturally ])resenting itself in this jdace would 
be. Do media differ in their dispersive j)owers ? Different 
media have different refractive powers, have they different 
disi)ersive powers ? Newton supposed that they had not, 
and Mr. Hall of Worcestershire was the first to discover the 
iriistake. But his discover)-, though applied by himself to 
the construction of aclirv^nntw telescopes, appears to have 
been neglected. It was re-discovered and re-applied by Mr. 
Dollond. 

' Tf we take two jmsms, one of flint glass, the other of crown, 
having eqjial refracting angles, and let t^vo riiys fall upon them 
severally, both rays will be decomiiosed, but u])on comparing 
the ^)ectra several points of distinction will be obsen^ed. 

The deviation of the red and violet rays, as produced by the 
flint glass, will be greatA than that produced by the crown ; 
and the angles of disjiersion w^ill not be to each other in the 

I 
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same ratio with the angles of deviation^ as Newton .Opposed 
them to be, but in a higher ratio. 

But now let us take a ])rism of crown glass, with a refrac- 
ting angle so much increased, as to make the deviation of its 
red ray e<jual to that of the flint ; the violet ray vvill not, 
even now, be 3? equal deviation with that of the flint glass 
prism. If, therefore, we take two such i)risTn'^, and place 
them together with their edges turned o]>])osite ways, the 
red ra^ will be equally refracted in opi)osite directions, and 
will suffer no deviation, but as the violet ray more re- 
fracted by the flint than the crown, it will be bent fSU'wn- 
wards towards the tliickcr part of the glass, and an uncor- 
rected colour will remain. By this means wc may determine 
the dispersive ])Owers of different media. 

From what has been already stated, it will ai)pear a most 
desirable object to correct the dispersive jiowcr of any me- 
<lium ; and in order to do this, we must first determine the 

I 

amount of its dispersion. How is this to he done ? Let 
us sup})Ose that wc have formed the substance whose dis- 
persive power is required intro a jirisin, that w c have ascer- 
tained its refracting angle, and refractive index. S"ow, if we 
would determine its &iif|)ersive power, we must have some 
standard of measurement. It is certainly impossible for 
to have a series af standard ])risms of every refraejingr* angle 
required, we must, therefore, have some means of varying 
the refracting angle of the same prism, and thus wc^ shall 
obtain a standard. Several methods of doing this have been 
proposed. 4- 

This subject has more than a sjieculative interest, for in its 
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ji])plicati^i|^to the improvement of the refracting telescope, it 
lias the grfcvtest ])ractical utility. It may he taken as an 
n.vioin that refraction cannot happen, without the produc- 
tion of colour, for every lens acts in the same way as a 
])rism. .When, therefore, we comhinc lenses in a telescojie, 
we can only destroy colour hy the destruction of the refrac- 
tive ]>ower ; as when, in a jirevious experiment, we combined 
two prisms of the same mateiials and exactly the same dimen- 
sions. But hy the union of len^^s having different 'iisiier- 
sivc jiowers, this may be done ; for lenses have been con- 
stnw’tid which do refract without jiroducing colour. These 
arc called achromatic, from two Greek words signifying 
without colour. 


AUSOttPTIOX OF LIGHT. 

It has, iicrhajis, been often asked, why arc some bodies 
transparent, and others (ipaqiie ? Although we cannot give 
a direct answer to this tpicstion, we may illustrate the cause 
of the pheiiomenon. Whfii we* say that a body is trans[»a- 
rent, we mean that it will allow light to pass freely through 
it, which may he an actual jiassagc tliroiigh the midecules or 
heiwren them. But no ]>ody is ])erfectly transiiarent, for 
a ])orift>n fiif ligjit is always lost in passing through a me- 
dium. -'nds must often^ have been observed when light is 
adinitjed first through an opening, and then through glass. 
It is also well known, that on the tops of high mountains a 
greater number of stars Sm he seen hy the naked eye, than 

on the ydains, which must be occasioned hy the absorjition 

I 
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of light during its passage to the earth, through lower 
portions of the atnios])here, / 

And as no body is perfectly transparent, all are trans])arent 
in a degree. Gold, a dense metal, may be beaten so thin as 
to admit the passage of light ; and charcoal, the moa* o])a(]Ue 

, V 

of all ])odies, is one of the most transparent in the condition 
of a diamond. ^ 

This diminution in the intensity of light, in passing- 
through media, is called rbsorj^tion. But every substance 
is unequally transparent for the differently coloured rays, 
some are always absorbed in ])reference to others, anVi"<his 
causes the colours of bodies as seen by transmitted light. 
Sir John llerschel mentions an interesting ex])eriment, by 
whidi it may be shown that even the same substance has 
different absorinng powers on differently coloured rays. Take 
a piece of deep blue glass and look through it at the imagi^ 
of a narrow line of light, as a crack in the shutter of a dark - 
ened room, refracted through a prism, “ whose edge is paral- 
lel to the line and i)laced in its situation of minimum dela- 
tion.’’ If the glass be thin,'\he \fhole of the spectrum willlu* 
seen ; if of moderate thickness^ it will be separated by 
fectly black interv^als, which correspond to the cxtinguislied 
rays. Increase the thickness, and the black spaces become 
broader and breadcr. v •* 

The hyj)othesis proposed to account for this jihenomenon 
may be thus explained. It is su2)po8ed, that for ever)* equal 
thickness of the medium traversed by the light, an aliquot 
l)art of the rays is absorbed, ^-let us suppose that one 
thousand rays fall on a green glass, and that in tra^'crs- 
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ing the f5^t onc-tentli of an inch, one hundred are extin- 
guished, thcSe will then remain nine hundi-ed at that point ; 
one-tenth of these will he absorbed in passing through the 
next one-tenth of an inch, and so on. According to this 
theory, total extinction cannot liaj^pen in any medium of 
finite thickness, but it may be reduced to an ■inappreciable 
(juantity. • * 

It must have been often obser\'ed, that the same medium 
will present different colours wdicn it has different thick- 
nesses, and this may at first appear altogether unaccountable 
by the^hyiiothcsis. We will, however, give a condensed 
account of Sir John llerscliel’s illustration. Let us take 
a thin hollow glass wedge, and enclose in it a strong solution 
of muriate of chromium. If we look through the edge 
where it is thinnest, at white ]ia])er, it appears of a fine 
green, but if wc slide the wedge before the eye gradually so 
as to look successively through a greater and greater thick- 
ness of the licpiid, the ^recri tint grows livid, and passes 
thi(jmgli a sort of neutral brownish hue to a deep blood red. 
"Hie green li(|uids in question hav^ two distinct maxima, the 
one. corres])onding to the cxtr^me red, the other to the 
green.’’ But the extreme red 4s very fecide compaffed with 


thdigieen, and does m)t atHrst affect the eye, but as the ali- 
sorjjtion^goes on, the green rays are more^rai)idly extin- 
guished, and the*red rays gradually become more distinct, 
and overpower the green. I^et us, for instance, suppose that 
a ])eam*of white light is incident on this prism of muriate of 


chromium, and that the ^eam is com])Osed of ten thou- 
sand rays, all equally illuminative ; then, according to the pro- 
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portions existing between the colours, we slioul^ have the 
following results, in which green has the superiority until 
passing through the fifth one-teiith of an inch, and then the 
red juTdominates. 
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This explanation may be applied to all those cases when 
thv colour of transmitted light changes wdlh the thickness 
of the j)lale. A great number of instances will ])robably 
suggest thciiiselves; one of the most common occurrence is 
that in which the absorption increases from the red to the 
violet end. Red glasses, jjort wiiie, infusion of saftroii and 
other sulistanees, act very rapidly on the violet rays, ani^soon 
entirely obliterate them. ^ 

tiFu/ anatoM^ of the eve. 

No part of tjie. human body is more refined m veneration, 
or more delicate in construction, than the eye. It ig an organ 
consisting of an assemblage of lenses, so arrang(‘d^ as to c<ni- 
centratc all the rays falling upon it from different objt^cts, 
and tr; ])roject their images upon a nervous exi)ansion called 
the retina. For the convenience of description anatomists 
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iirti accu^^omed to explain the construction of this organ 
under the two general divisions, — the hulb of the eye, and 
its a])pendages. 

The eye-lids or ]>al])el)rae, are the most prominent appen- 
dages of jthe eye. The eye-lids, or moveable curtains sus- 
pended before the eye are,’^ says Mr. DalrjnnpTe, in his most 
excellent work on the anatomy of that organ, “ composed of 
skin, cartilage, ligament, muscles, mucous membrane, glands, 
hairs, and a iM‘culiar cellular tisspe. Sim])le as they may 
a])])ear, if viewed externally, and without reference to their 
phy^’okigieal arrangement, still there is no little complexity 
ill their minute organization ; and u])on the nice adaptation 
and close coiTesjiondence of each lid with the other, and 
both with the eye-ball, de])ends not only the perfection of 
vision, but also the actual safety of the organ. The palpebnr 
are lined with a soft substance, which, connecting the eye 
and the lid, has received the name of tunica conjunctiva.’’ 

'riie uses of that structiue usually caUed the white of the 
ey tf are to prevent friction between the eye and its lid, and 
fit the same time to defend the gK^be from dust, insects, and 
other small substances contained in the atmos])here. 'I'lie 
skin is remarkably thin and d^icate. ^S^iaksjieare refers to 
tlS* beautiful structure of this ajiparatus in the following 
descriython^ — ^ • 

• 'Jhc fkiDie o’ the tsipcr 

^ bows towards luT, and would undeuwep her lids. 

To SCO the enclosed lijrhts. now rano]>ied 
I’luh'r these window#: while and a/uro, laced 
With blue of heaven’s- oavii iinl.’* — Cvuilndinv, 


s2 . 
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The l>orders of the eye-lids are ornamented wiUli a row of 
stiff hairs, called cilia, or the eye-lashes, which are necessary 
for defence as well as for beauty. 

The two extremities, or comers of the eye, are called 
rantlii ; that near the nose is the canthus major, and the 
other the canthus minor. 

Towards the upper jiart of the eye is the lachrymal gland, 
which furnishes the fluid called tears, 'ro favour the escape 
of this fluid there is a sm^ hole in each eye-lid, called the 
purictum lachrymale, near which is a little fleshy substance, 
the caruncula lachrymalis, which, by preventing tPiO' eye- 
lids towards the canthus major from closing entirely, partly 
answers the end of the puncta lachrymalia. The gland is 
powerfully acted upon by mental excitement, and its secre- 
tion is often so great as to flow over the cheeks instead of 
j)assing through the apertme jiro^ided for it. 

Tlie lachrymal apparatus,^' says the author already 

quoted, may be divided into two distinct portions ; one 

secreting, the other distributing and conveying awayf the 

fluid furnished. The folraer«of these, consisting of the 

gland and its.ducts, is situated at the upper and outer jiart 
^ #1 

of the orbit. It is wnolly distinct from and indejiendent-of 
the latter, which is placed principsdly at the inner angle of the 
eye. The tearc must, therefore, pass from without fciwards, 
over the anterior surface of the sclerotic and corneal mem- 
branes, before they are finally conveyed through tlie lachry- 
mal puncta and canals into the nasal cavities. 

'ITicse are the appurtenances of the eye, and we now pro- 
ceed to explain the structure of the organ itself, which is 
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extreinelj^.|)eautiful from its 6im})licity as well as its adapta- 
tion to the parposes for which it was formed. 

ITie eye-ball is nearly spherical and about an inch in dia- 
43 . meter. A BCD, fig. 43 , is the 

exterior coat eiij^dosing all the 
membranes and humours, and 
y is called the tunica sclerotica. 
It is a tough, o])aque mem- 
hraili% and derives its hame 
from a Greek word, expres- 
sive of its i)eculiar structure. 
A small round ])ortion AED of this exterior coat, differs in 
character from the other ])arts; it is called the cornea, and is 
situated in the centre of the eye, and is so tough that it will 
resist any moderate external force. Its real figure, according 
to M. Chossat, is an ellipsoid of revolution round the major 
axis. « 

The aqueous humour is situated immediately behind the 
corffea, and filling ii]) the cavity gives a s})hcrical appearance 
to that ]iart of the eye. It «*onsjs\s of water holding a little 
muriate of soda and gelatine in solution, withatrac^of albu- 
men. Its refractive inde^ according to the experiments of 
Dr. Brewster is 1’337, almost exactly the same as water. 
The irigff^swhicji is situated within the aqfteous humour, 
is an opaejue circular mengbrane, or collection of muscular 
fibres, having an aperture in the centre, called the pupil. 
This aperture may, by a beautiful muscular arrangement, be 
contracted or dilated, so al to be adapted to the intensity of 
light falling u])on it. When the light is strong the pupil is 
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contracted ; when feeble dilated. Behind the there is 
a transparent lens p p, called the cr^^stalline lens. It con- 
tains ill its coin})osition a much larger proportion of albumen 
and gelatine than any of the humours of the eye, and is 
somewhat dcjiser tow'ards the centre, than at the cuter sur- 
face. This increase of density is evidently important in cor- 
recting the alierration, which is probably its entire use. ITie 
vitreous humour K fills up the remainder of the eye. It 
diftefs but little in comiAsiiion from the aqueous humour, 
and is probably intended to preserve a fitting distance be- 
tween the lens and the retina. ^ • ■ 

We have siioken of the sclerotica as a membrane enclos- 
ing all the coats and biunours of the eye. Now tlie inner 
surface of the posterior jiart of this coat is covered by a 
delicate membrane, called the choroid, which is lined with 
a black velvety matter, the iiigmcntum nigrum, evidently in- 
tended to absorb and stifle all the light which reaches it. 
On the inner side of this lies the retina, which lines the 
whole of the jiosterior chamber, to the point where thc^cap- 
sule of the lens commences^ The retina is a fine delicate 
membrane, an expansion of the optic nerve, which connects 
the eye with the brain, and joini^ with it near the inner c^or- 
ner of the eye. Upon the retina the image of objects fire 
painted, and iSy it conveyed so as to produce sef^sattbn. The 
situation of the pigmentum nignim immediately behind it, 
is, therefore, most admirable, preventing any confusion of 
vision that might arise from internal reflexions. 

Such is the structure by which the rays of light are con- 
verged and brought to a focus on the retina. But we are 
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■fible to se'^.objects situated at various distances, those which 
arc near, as well as those which are distant. ^Jhere must 
then be some internal j)ower l)y which the eye can adapt 
itself to the different situations of objects. The focus of a 
lens or s^^stem of lenses is longer for near tlian for distant 
objects, and as the eye is only a system of lenses, there must 
be some jiower of adjustment. We do, in fact, know, tliat 
there is such a power, for we feci j)ained ])y any continued 
exertion of it, and hence we are \cl\ to suiipose it a mu‘icular 
action, but anatomists and pliilosophers are undecided as to 
its natflre. Dr. Olbcrs, Sir Everard Home, and Rainsden 
attribute it to the action of the recti muscles, which are used 
to move the eye in its orbit. By the simultaneous action 
of these it is said a ])rcs8urc is exerted upon the fluids, 
forcing out the cornea, and increasing its distance from the 
retina. But Dr. Young objected to this explanation, and 
has, wc think, satisfactorily proved that the cause assigned 
cannot be the true one. He also shows that in order to give 
disAnct vision at a distance of three inches the eye must be 
forced into the fonn of an ell'^isoiit, having its axis one-seventh 

t 

longer than in its natural state. This seems in itself impro- 
bable, and particularly so when we^ednsider the extreme 
toughness of the sclerotica. Dr. Young is rather inclined 
to supjfuse^hat the crystalline lens is capabl<iof an alteration 
in fonny* and becomes more convex when the eye is to be 
adapted to a near distance. This opinion is strengthened by 
the muscular apjiearance of the lens, as may be seen by the 
examination of the eye (IF a fish. Nen'es have not yet, it 
is true, been traced, but there is at least a strong presumj)- 
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tion that this is the mechanism adopted^ the sy^ject how- 
ever is fully open to examination. 


Fiir. 44. 



The influence of the se^'eral humours upon the direction 
of the rays may be easily traced: — Let AB, fig. 44, repre- 
sent an object at a considerable distance from the eJ^e-OE, 
and B&, Aff, rays of light proceeding from it. llie action of 
all the humours is to converge the pencils of light, and so 
much so that the rays cross, and the image is painted on the 
retina in an Inverted position; the rays A will fall upon it at a, 
the rays B at A. The image of an object being inverted on 
the retina, it may be considered as^ not a little singular that 
we perceive every thing upright. This has been denied by 
some authors, who believe that we perceive all object^ in- 
verted, and that the sens^ of touch corrects the errors of 
sight. 

The case of the Boj^ found at the gates of Luxemburgh, 
who had from infancy been confined in a dark chamber, is 
one of many exrmples, that when sight is ^rst given*objects 
are not seen in an inverted position. There is, therefore, 
some agency, unkno\vn as yet to the anatomist and philoso- 
pher, between the retina and the brain, or between the ani- 
mal and thinking beings, which ejects this change. 

Defective vision or total blindness may arise from a variety 
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of causes". Any affection of the optic nerve will of course 
have a direct influence ; paralysis for instance may produce 
while it lasts, total blindness, and cases have been known 
where the affection of one nerve has caused half blindness, 
llie losfii, of transparency in the crystalline lens, as in cata*. 
ract, preventing the passage of light will produce an iiidis- 
tinct vision or blindness. But by removing or putting out 
of tlie way an opaque crystalline, the perception of light is 
restored, but as the natural medium of convergeij^ce is 
destroyed, an artificial one will be required, or the image 
wLU b€ formed beyond, instead of on the retina. Hence it 
is that those who have undergone the operation for cataract, 
require glasses. A convex lens has the property of converg- 
ing rays, and must, therefore, be used. Aged persons also 
require the same kind of glass, for the cr}'stalline becomes 
flatter, and an imperfect image is formed on the retina. 

Short-sightedness is jiroduced by the too great convexity 
of the lens, and suitable concave lenses are required, to throw 
thtPimages of objects on the retina, which naturally in such 
cases fall short of it. 


APPEARANCES OF OBJECTS AFTER REFRACTION AND 
REFLEXION. 

Tlie attention of modern philosophers has been much di- 
rected to the invention and improvement of optical instru- 
ments, and great has beefl their success. But before we pro- 
ceed to speak of the various instruments dependent on oi)ti- 
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cal princij)les, and to describe their construction, i^y* ill be ne- 
cessary to refer to the appearances presented by objects after 
refraction and reflexion. We have already explained the 
most important laws of reflexion and refraction, but we have 
not as yet referred to the ajjpearanccs under which bodies 
are seen after’' their iimiges have been transmitted through, 
or reflected from plane, convex, and concave surfaces. Hiis 
we shall now attem]»t, and shall then be prepared to esti- 
mate ^he eflect of ojjtical ^instruments. 

We may first direct attention to the eifects of reflexion 
from mirrors. Mirrors are metallic substances polisueO.on 
their anterior surface, or plates of glass silvered on their 
posterior surface, and capable of reflecting the light from 
any body before them, and of presenting an enlarged or 
minified image. They may be divided into four classes, 
plane, concave, convex, and cylindrical, but the reflexion of 
light from all tiiese obey the same law, that is, the angle of 
incidence is always ec^ual to the angle of reflexion. 

' i( 

PLANE MIRRORS. 

When an object is viewed in a ]>lane mirror, it always aj)- 
pcars to be at the same distance behind the mi^^rort/as the 
object is before it. lliis illusion is so powerful that when an 
animal views himself for the first time in a looking glass, he 
will almost for certain imagine the image to be another animal 
of his own species. Birds are extfemely susceptible of this, 
and a cock will immediately prepare himself for combat, and 
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if the glaij:. he not removed, will speedily demolish the cause 
of his wrath. ITie fury which this pugilistic bird always 
(lisplays is uncommonly entertaining. It will not be difScult 
tn explain the cause of this illusion. But it may be neces- 
sary to premise a fact, to which we have already referred, 
tliat an object is always seen in the direction of the ray 
when it strikes the eye, whatever may be the jiosition of the 
luminous body. 


Kiii. 4.>. > 



Let AB, fig. 45, be any object, and AF, B(5, rays proceed- 
in if from it, which would move on beyond the points f and 

//, if there were no reflecting surface, but the mirror C D in- 

» 

tcTvenes and reflects them into the direction F E, G E, where 
tiie eye receives the impre^ssion of thc/olffect. But E F, E G, 
l)eing the direction of the rays when they meet the eye, the 
image %ill4ie seep in that direction, and th»])oint8 I H will 
apjiear as far behind the mirror as A B is before it. 

From this it necessarily follows, that objects viewed in a 
plane mirror can only ajipear half their true size. Let ABC, 
lig. 46, be the head of a lAan viewing himself in a glass D E. 
Ihe image will, as we have just now stated, appear to be as 
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Fig- 4G. far belli n^he mirror, 

as the man is before 
it. 'File miiTor must, 
therefore, bisect the 
cone forme, d by the 
converofinpr rays, and 
hence FG, can only 
be half A C. ITie length of an image cannot, therefore, 
be more than half the lei^h of the o]>jcct, and the same is 
true of the breadth, and all other dimensions. This may be 
practically proved by measuring the image and the objec;^, or 
by looking in a glass which is only half the dimensions of 
the face. It has probably been noticed by the reader, that 
when two mirrors are arranged pandlel to each other, with 
their faces opposite, the object being placed at one extremity 
the eye at the other, that the object w'ill a|>{)car infinitely 
multiplied. This is the result of reiterated reflexion from one 

i 

surface to another, and the images gradually become more 
indistinct as their distance increases. • 



CONCAVE AND OTHER MIRRORS. 


Fig. 47. 



o 


Concave Mirrors may be con- 
sidered, as akeadyv starred, to 
consist of an indefinit&>number 
of small planes, wliicK make a 
determined angle with each 
othei^ so as to throw all the 
rays into a point. Let ABC, 


o 
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fig. 47, be a concave mirror, and let d be the centre of cur- 
vature, and let 0 o 0 be rays of light falling from a body on 
the mirror. These rays will be reflected and meet in a point 
/, called the focus, where an image of the object is formed 
in an inverted position. When the curvature is not very 
great, the distance of the focal point from the surface of the 
mirror is half its radius. 

Omcave mirrors are frequently used for the collection of 
the solar rays into a point for the jij^oduction of intense Jieat. 
A mirror constructed by RI. de Villettc possessed this pro- 
per^' in a most remarkable degree, llie diameter of this 
sp(*ctrura was four feet eleven inches, and was com])osed of 
tin and copper highly polished. When e.vposed to the rays 
of the sun, a silver sixpence placed in its focus, was melted 
in seven seconds and a half ; a copper halfjienny melted in 
sixteen seconds, and liquifled in thirty-four seconds. 

If any one looks into a large concave mirror, its distance 
from him being greater than its focal distance, there will ap- 
))ea»bctwcen himself and the mirror, a minified rejiresenta- 
tion of his own form susj^fndcd in the fiir, but inverted. 
This decc}ilion is ver)» strong, and if the object itself were in- 
verted, an ignorant obsertw would wiflilflfficulty be brought 
to^ielieve that the image was not tangible. Tliere has been 
considciabl^ suspicion that this experimenti^as made on a 
large sc<Je by Pagan priests, in the caves of Trophonius, the 
temjfles of Delphi, and otlier places where mysteries were 
common. Esculapius was often seen by his worshqipers at 
his temjfie at Tarsus, anti the goddess frequently appeared 
in the teinjAe of Enguinum. It is also to be feared that the 
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ministers of a jiurer religion have in past times us^/J the same 
instrument as an engine of superstition. It was commonly 
believed by the lower classes, that Friar Bacon had walked 
in the air from one church steeple to another, although the 
more educated were aware that the a})])earancc was jjroduced 
by a reflected image of his j)erson upon the clouds as he 
walked upon the ground. This statement is made u])on the 

I 

authority of Lord Bacon. The same trick is exhibited })y 
mocV'rn conjurors, and ^i.hat very effectually, by the means 
which they take to exclude from sight both the mirror and 
the object. i> 

Convex mirrors give to objects an erect but diminished 
image, which ap]iears to emanate from behind the mirror, in 
fact from the focus. Tliey arc chieily used as ornaments in 
a])artmeTits. 

Cylindrical mirrors arc not used in the construction of 
optical instnunents, but are ground by oj)ticians for the j)iir- 
poses of amusement. When any one views himself in one of 
these, if the direction of the axis of its concavity Ijc pei'pcti- 
dicular to the liorizon, his visy ge will be uncommonly dis- 
torted ; diminished in breadth, but in length continuing as 
usual, llie drolleiy*of the figure will strongly remind th'C . 
ohsen'er of Homer’s description of lliersites. Upon turn- 
ing the mirroA-a quadrant, the opposite extreme^ talqi'.s jdace ; 
the image much resembling a piece of j)aj)er with Jtwo lines 
drawn on it, one in black ink, the otlier in red. ' The eyes 
are elongated so as to resemble the black line, and ’^the li])S’ 
the red ; added to this the extraordinary breadth of counte- 
nance, and the ungovernable obstinacy of the image is very 
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iauj^liahle for, however wide the mouth may be opened, the 
figure ])ertinaciously keeps his shut, and only a white stroke 
of extreme tenuity is seen, parallel to the red one, which is 
produced by the teeth. If the mirror be held close to the 
face of the observer, its axis being vertical, and the finger be 
])ut to the side of the nose, the image will of course do the 
same. Hut when the mirror is n^raoved to a greater distance 
from the face, and the finger is again placed on the right 
side of the nose, the image will jdace his on the left. 1 
could contain no longer,” says an author, after making this 
cxijc'riwient, “ but gave vent to iiiy inclination by a loud fit 
«)f laughter. Unhappy being ! for now the image opened his 
mouth to such an astonishing extent, and his long counte- 
nance seemed so dreadfully convulsed with some uncommon 
passion, that 1 willingly let the mirror fall to the ground, 
avowing that I would never look into another.” 

Anamorjihoses are frequently used with these mirrors, 
'fhey are ])ic*tures drawn in so distorted a shaj)C that they 
caimot be said to j)ossess any determinate form, but they arc 
r edified when presented to ilie iiJirror, and reflect an image 

some natural object. 

Mirrors of variable curvature are alsft rfSed for amusement, 
arW although they never iimduce a decided caricature, they 
variablji dif^|,ort the object according to iti# distances and 
positions^. 

f 

LENSES^. 

We must now pass on j|o bneily notice the appearancei- 
presented by bodies after refraction. It has been already 
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Stated that light is converged or diverged by refraction ac- 
cording to the form of the surface through which it has to 
J3ass. When a transparent substance is formed into a shape 
adapted to collect the rays of lights it is called a lens. Tliere 
may be Sc'iid to be four classes of lenses ; the convex, the 
concave, the meniscus, so called from its resemblance to the 
homed appearances of the m(K>n, when a few days old, and 
the crossed lens, which has unequally curved convex sur- 
faces,, ^ 

When light passes through a convex lens, whether both 
or only one surface be convex, the rays are converg^'d ^into 
a point, called the focus. An object viewed through a 
convex lens appears lai’gcr, and brighter than without the 

intervention of that me- 
dium. Let A C and 
B D, fig. 48, be two 
rays incident upon the 
lens, and by it refrac- 
ted to the eye. llig ap- 
parent path of these is 
referred by the eye to a 
and h upon the i)rinqt^ 
pie that the positionf*of 
an object is always seen 
in that direction in which the ray meets the eye : hence the 
object is magnified. * 

But the object is also brighter, for let us im^ne two 
diverging rays to emanate from IJ, if the lens did not inter- 
vene, they would pass to y and ft, never reaching the e^^e ; 


Fig. 48. 




MAGIC LANTERN. 
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but the lens converges them and brings them to the points 
k and f, within the range of vision. 

Convex lenses have been employed as burning glasses, the 
largest was made by Mr. Parker, and was three feet in dia- 
meter. It had a power sufficient to fuse twenty grains of 
pure gold in four seconds and ten grains of platina in three 
seconds. 

Concave lenses cause the rays of light to diverge, and all 
objects viewed through them appear nearer, smaller,* and 
less bright than they were before their interposition. Ob- 
jects multiplied when viewed through a medium, which 
has several surfaces. 


OPTICAL Ix\stri:mknts. 


MAGIC LANTERN. 


Mjl, 49. 



ITie Magic Lantern was invented 
in^the Seventeenth century, and 
is among the simplest of optical 
instruments.* llTconsists of a dark 
iWern A B, fig. 49 , containing 
a lamp G, in frontiof a concave 
metallic mirror M. CD is a 
double tube fitted into the front 
of the lantern, the outer portion 
D, moving in the other. At the 
posterior end of the double tube 
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is fixed a large plano-convex lens, and at the other end a small 
double convex lens. E F is a groove made in the larger tube 
in which the sliders haxing the objects ]iainted on them, are 
])laced. 'ITic light of the lam]) is thrown on and reflected 
from the mmor M to the lens L, by which it is concentred 
falling upon the slider. This slider or in other words the 
j)ainted object, being arranged to the conjugate focus of the 
lens L, a magnified image will be formed on the screen. 

7\c magic lantern has been rendered much more eflTectual 
by the use of figures painted on opaque grounds. 


THE CAMERA OUSCURA, OU JJAlCIi CM AM HER. 


Im- .»n. 



Tliis is ;in in^strurnent in- 
vented by Bai)tista Porta. A B, 
fig. .50, is a meniscus with its 
concave surface iij)j)crmost ; DC 
is a plane metallic rettectifr iii- 
clified to the horizon at an angle 
of 45'^. The landscape is thus 
reflected downwards through the 
lens, and is j)ainted on the pfli^r 
at E F. In one si le t.n open- 
ing is made and through this the 
artist introduces his head, and 
through another his hand. 
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REFRACTING TELESCOPES. 

A telescope is an instrument employed to view distant ob- 
jects, ancf it assists us in examinin'^ them by i^creasinf? the 
apparent angle under which fhey are seen with the naked 
eye. It was ’ftivented about the year 1590, by whom is un- 
certain, some say John Baptista Porta, some (jalileo. and 

# • 

others Jansen of Middleburgh. Some persons attribute the 
diKC(A'ejy to the children of Lij^persheim, a spectacle maker 
■It Siiddleburgh, and Borellus in his l)e Vero Telescoph 
in venture attributes the <liscovery to Joannidcs. 

Telescopes arc of two kinds, refracting and reflecting, and 
of each there are sevend varieties. The first telescope that 
(hdileo made magnified only three times, and that with which 
lie discovered the satellites t>f Juj)iter thirty-three times. We 
vhrill first speak of refracting telc>sco])es, and the simples! 
eons^uction of this instrument, is that called the Galilean. 
It h;Ls only two lenses, and ihjse are jdaeed at a distance from 
i-ach other, equal to the sum ol* tlieir foci. Let the object 
lens have a focus of eight inches, and ith^cye len?a focus 
of "^vo inches ; then the distance between these two glasses 
must he^ten^ inches, more or less, accordinjii to the dis- 
tance of the objectj or the vision of the individual. This 
iiiHtrument is not suiUul tor observations on land, for it 
inverts Iffijects. It is occasionally used at sea, at night, 
when from the small intvi^^ity it becomes necessary to 
jircvent the absorption of light by its passing through a 
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number of lenses: it is hence called a night telescope. The 
astronomical refracting telescope is made upon the satn<» 
principle, for the inversion of the object is here of no im- 
liortance. There is, however, a great hindrance to the e.x- 
tensivc use of tliis instrument, fur when high powers are em- 
]>luyed the image becomes indistinct, and if the dimension of 
the object glass be increased, the telescope itself is increased 
in length, and becomes unwieldy. M. Huygens, however, 
mado one of immense sire, the focus of the object glass being 
one hundred and twenty-three feet, and even with this length 
he could only have a sk inch aperture. ’ . 

The common day telescoix: dilTerH from the night, in hav- 
ing two extra lenses of the same form and size as the eye 
glass, and these are fixed at a distance from each other equal 
to the siun of their foci, llius let us take the same lengths 
as we did in the former case, let the focus of the object glass 
hr eight inches, of the eye glass two ; then the two e.xtra 
lenses will have foci of tw’o inches each : they must, therefore, 
he fixed four inches ajjart ; the object glass will be ten inches 
from the one, the eye gla^s four inches from the other. Tlie 
j)uri)osc of these two lenses is the erection of the image. 

The great length of refracting tclescojies when ap}>licd to 
astronomical purposes renders them very inconvenient, <hnd 
the attention of philoso]>hers was consequeiyly tlrawn to 
the enquirj', whether a reflecting telescope could,not be in- 
vented. 
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REFLECTING TELESCOPES. 

lliere are three kinds of reflecting telescopes, distin- 
guished b*y the names of their inventors. ThS Gregorian 
telescope was invented by Mr. James Gregory, when a 
student at GhRsgow. From the slighting manner in which 
some writers speak of Gregory’s claim to the honour of his 
discovery, it would seem that even at the present day there 
are some persons who cannot help feeling jealous at his great 
philosopliical talent. But although this instrument was in- 
^ented six 3^ears before the Newtonian, it was not constructed 
for some years after Newton had completed his six inch re- 
Hector. 

Fig. 51. 



The coi^str)}ction of the Gregorian telescope i« very simple. 
A B, fig. 5JI, is a concave mirror formed by the revolution of 
a hyjierbolic curve, and in the centre is a small aperture : 
C is a coticave elliptical mirror, placed in the axis of the 
larger at a distance from it,tof little more than their focal 
distances, and adjusted by the screw s. D and E are the 


NEWTONIAN TELESCOPE, 


2TS 

eye lenses. Let tlie rays r r emanating from any object fall 
upon the spectrum A B, from it they are reflected converging 
and crossing each other at F form an inverted image upon 
the small mirror C. From this they are reflected converging, 
and i)ass tha rngh the lenses by which the image is* conveyed 
to the eye. 

The Newtonian telescope is seldom made Jess than five 
feet in length. It consists of a jiaraliolic s])eculiiui, from 
which the rays are reflected as in the Gregorian tclescoj)e, 
and are in the same manner intercc})ted 1)y a smaller mirror, 
but in tliis case it has a plane surface, and is fi.ved so as U* 
form an angle of 45° with the axis of the tube, throwing tlu 
rays towards the side. 



A section of the Newtonian telescope is shewn in fig. 52- 
A is a concave parabolic mirror ; C is a plane mirror fixed to 
the arm D, which is connected with the eye piece K’his 
i.s usually mabe to slide ujion the tube, ,but w^5uld' l)e more 
readily adjusted if made to mc^e by a screw in* the same 
manner as the Gregorian telescope. The eye-glass is a 
])lano-convex lens with its flat side outermost, and is called 
the astronomical eye-piece. Cfn account of the colour pro- 
duced by these lenses the negative achromatic eye lens is 
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jrenerally added. Dr. lireM'ster has recommended the use of 
tw(» glass ])risms instead of the eye glass. 

'rids telescoj>c has l>cen much improved since its inven- 
tion, hut the most im])ortant alteration was made hy Sir 
Isaac hirpsclf. The first one was made with a jarge spheri- 
cjil concave mirror, hut he aftei^vards discovered that the 
s]dierical aberration might he destroyed hy giving it a j)ara- 
l)f)lic form. 

11 erschel’s telescope, sometimes M'alled the front view re- 
llector, is only used when a very large field is required. 
Itiias*no small mirror, and the image is viewed in the focus 
of the great mirror with an eye glass. This arrangement 
has many advantages over other reficctors, especially in 
preventing the loss of light by frequent reflexion and refrac- 
tion. The largest inRlniment of this kind in the country is 
at the Royal Observatory. 


MICROSCOPES. 

Notwithstanding the great varieties of form iiyivhich we 
are accustomed to see thp microscoj)c, they may all he di- 
vfted into three classes. Tlie single, the compound refract- 
ing, aiRl tllte compound reflecting. * 

It m’^st have been observed by every one, that the more 
distant an object is from us, the less it appears, and hence 
the purpose of the microscope is to produce this eilect. If 
we have to examine a ver/ small object, we bring it near the 
^ye, but at less tluin a certain distance, it becomes indistinct 
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and confused^ which is caused by the divergence of the rays of 
light from the object, and the incapacity of the ciy^stalline 
lens to collect the rays ; but if we use a convex lens, jdacing 
it between the object and the eye, the divergence is corrected, 
and the rays are collected by the crystalline lens. 

'fhese are fitted up in various ways, and are called Mi- 
neralogical. Botanical, or Anatomical Microscopes, accord- 
ing to the purpose to which they are to be ai)plied. 

Small spheres have often been used for single micros* 
copes. A globule of glass melted in the flame of a spirit 
lamp, is admirably adapted for the purpose. Mr. Slephezi 
(Jray made globules for microscopes by inserting dro])8 of 
water in small apertures. Dr. Brewster has used the crystal- 
line lens of small fish, such as the minnow, taking care that 
the axis of the lens is the axis of vision, in other words that 
you look through it in the same direction as the fish had done 
before you. The garnet, the niby^^ and the diamond have 
also been employed for the same purjzose with very great 
success. •’ 

Compound Microscopes* are Ifliosc which consist of two 
or more lenses, one of which forms an enlarged image of 
objects, while the^otliers magnify it. The compound re- 
fracting microscopes, though 8usce}>tible of consideralAe 
accuracy, are much less commonly used than eMiei^of the 
other class. ^ 

The simplest of all reflecting microscopes is a jconcave 
mirror, in which the face of an observer is always magnified, 
and when we view the figzire with a lens instead of the 
eye, we have a compound reflecting microscope. And this 
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is but the instrument proposed by Sir Isaac Nevi’ton, and 
afterwards improved by Professor Amici of Modena. 


CONCLUDING REMARKS. 

'Hie sciencf of which we have been speaking, is one of 
the most interesting branches of modem investigation, and 
to detail in a condensed form the facts which have beers dis- 
covered, would require a larger volume than that we are now 
lircsenAng to the public. A few pages only could be de- 
voted to it, and the author’s chief difliculty was to select 
those facts and principles, which are most important to him 
who is commencing his philosophical inquiries. Many sub- 
jects have been entirely omitted; such as inflexion, the colours 
of thick and thin plates, and that absorbing but diiiicult 
branch of the science, th^ Polarization of light. 

None of our readers, however, will imagine that we pre- 
tend* to give a full, much less a minute account of the 
physical sciences ; the elemAitaQr*facts alone come under 
our consideration, since we write for those who aje be^n- 
ning to learn, and not for tjiose who liav^ made some pro> 
gri%s. 


• % 
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THE MAUINER's COMPASS. 

CHAPITER VI. 

•MAGNETISM. 

DIRECTIVE FORCE OF THE MAGNET. 

t 

It has lonff been known that an ore of iron, chiefly., consist- 
ing of an oxide of that metal mth a small jiropOTtion of 
(]uartz and alumina, has the remarkable property of a direc- 
tive force. This ore is called l^ie native magnet or load- 
stone. When freely suspended on its centre of gravity so 
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as tci have a capability of turning in any direction, one end 
will always, when it comes to rest, point to the north pole 
of the earth, the other to the south. 

But the loadstone not only possesses in itself this singular 
directi\'i? force, but can also communicate the <^me property 
to other ferruginous substances. '^Hie manner in which this 
is done we «hall explain in an after part of this chapter, it 
IS only necessary on the jiresent occasion to refer to the fact 
because we are able, by the use of artificial magnets, ^to ac- 
coTninodate ourselves with magnets formed in sha])es more 
c<flivenient for exiierimcnt, than those which are found in 
tlicir natural state. 

But magnets are possessed of another singular projierty, 
which must be mentioned in this place for the better under- 
standing of their directive property. The pole of a magnet 
wnll always repel that pole of another magnet, which has the 
same name. Thus, if *ve suspend two magnets, fig. 53 , in 
I'lg, 53 . such a manner that they 

S N S perfect freedom 

• of motion, and bring their 
noitlw>r soutl^oles toge- 
ther, they will repel each 
other ; but if a north pole 
be. pr5!«jcni^d to ^ south ])o1e, then an attractive force will be 
e.Yhibit.^d. When we speak of the poles of a magnet, u-e 
mean those points where the directive power is concentrated, 
which in bar magnets is usually at the ends, that end which 
points to the north, bein|r called the north pole, that to the 
south the south pole. But although the magnetic ijower is 
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strongest at these points, it is not confined to them. The 
whole of a magnet ])0sses8es the magnetic power, but the force 
decreases towards the centre, and is there at its minimum. 
This may be proved by bringing one bar magnet successively 
to every part pf another, and it will then be found that at the 
center the power is almost lost. It may also be approximately 
shown by surrounding a bar magnet with iron<9 filings, for 
the magnet attracts them variably, the largest quantity sur- 
rounding the poles, the least at the centre. But still it is 
a singular fact, and not we think satisfactorily accounted for, 
that if a magnet be broken at the centre, one half will not he 
found to possess a north direction, and the other half a 
south, but each will be a perfect magnet, having a north 
and south j)ole. 


MAGNETISM OF METALS. 

It was long supposed that iron was the only substance ca- 
pable of possessing the magnetic power, but philosopliers 
are now aware that nickel* rpeei^s and retains magnetism 
though in g very inferior degree to steel. 

Dr. Faraday recently performed a series of experiments * to 
determine whether any other metals besides iron and nickel 
could be made fo exhibit magnetic properties. ^Wh*en he 
commenced his inquiries he had ?mt little doubt that all 
metals were magnetic, though not at common temperatures; 
he imagined that every metal was magnetic beneath a certain 


* Philosophical Mag. Third Series, vol. viii. p. 1 77. 
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temperature, and lost the * property when raised above it. 
Mr. Barlow had proved that iron loses its magnetic proper- 
ties, at an orange heat, so entirely, that it does not even in- 
tercept the attractive influence between a magnet and a bar 
of iron. From a consideration of this fact. Dr. Faraday was 
led to imagine that there might be a temperature below that 
to which substances arc commonly exposed on the surface 
of the earth,* at which those metals sujiposed to be destitute 

of magnetism might exhibit its ordinary phenomena. 

* * 

Pieces of metal in their pure state were supported on very 
fine |4atinum wires, and being cooled down to a tem])erature 
of from 60® to 70® Fahrenheit below zero, were brought close 
to one end of the needles of a delicate astatic arrangement, 
and the magnetic state was judged of by the absence or pre- 
sence of an attractive force. The following metals were ex- 
amined : — 


Arsenic 


Antimony* 

Lead 

Bismuth 

Mercury 

Cadmium ^ 

• Palladium 

Cobalt 

Platinum 

Chromium 

• S^^’cr 

Copj»er 

Tin 

(I'old 

Zinc . 


and plumbago ; l)ut none of these evinced the slightest degree 
of magnetism. Whenever Vol)alt or chromium, wdiich are sup- 
posed ^o be magnetic metals, gave indications of magnetic 

* Phil. TraTK. 18*22, \^. 117. 
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jjropcrties, iron or nickel was always detected. The step 
which we can make downwards in temperature, is, however,” 
says Dr. Faraday, “ so small as compared to the chanfjres we 
(ran produce in the op]) 08 ite direction, that negative results of 
the kind here stated, could scarcely be allowed to have much 
weight in deciding the question under examination, although 
unfortunately, they cut off all but two metals from actual 
comparison.” Still the Doctor seems to be of^opinion that 
all metals may be reduced to a temjieraturc beneath which 
they are magnetic, llie de-magnetizing tenqierature for 
nickel was found to be about G30° or 640'^. i 

llie same philosoiiher made some experiments to ascer- 
tain the relation bctiveen the temiieraturc which destroys 
the polarity of a magnet, and that which takes from soft iron 
or steel, the propert)' by wliich it acts on the magnet itself. 
At about the tcrai)crature of boiling almond oil, magnets 
suddenly lost their jiolarity, and then acted on a magnet as 
soft iron ; and when raised to a full orange heat, they lost 
their jiower as soft iron. The natural magnet or loadsj^xine 
was found to retain its ])ola^'ity, a higher temperature than 
the artificial steel magnet, for the polarity was not lost till it 
was brougnt to thfJ -einpcrature of a dull ignition. 


DIRECTIVE FORCE. 

• > 

Having premised these facts, we shall now he prepi'*red to 
iiKtuire more particularly into the,,phenomena and nature of 
the directive force. It has been stated that if a needle be 
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suspended on its centre^ so that it may turn freely^ it will 
move from one position to another^ until it arranges itself 
with one pole to the north, the other to the south. I’his 
plienornenon is common to all parts of the world, and being 
so, it must be su])}M)sed to juise from some attractive influ- 
ences existing between the earth and the magnet ; we do not 
stop to determine the nature of that influeitce, l)ut it is called 
Icrrestrial magnetism. 

Wlien the directive force of tlie^magnet was first (Ijsco- 
\'erc(l, it was imagined that the ]K)1cs pointed directly to the 
nortli aaid south jioles of the earth, lAit this sujipositioii is 
not strictly correct. Throughout Europe the north pole of 
the magnet deviates more or less, to the westward of the 
earth’s north pole. This deviation is (ailed the magnetic 
ilcelination, or in other words, the deviation of the compass. 
'I here ai'e, however, some places on the earth’s surface where 
tlic magnet [joints directly north and south : and the line 
on which they arc situated, encircling the earth, is called the 
linc4)f no variation. 

'Ihe line of ii*) variation is su]^)osed to commence at a 
jioinl a little to the westward of Baflin’s Bay. From this 
place it passes to the United States? RTjsscs the Atlantic 
a title to the eastward of the \vindward West India isles, 
t()uche% th(^ north-eastern [joint of the c(Jiitinent of South 
America; and passes over the South Atlantic tow’ards the 
south jjole, Iml navigators have as yet been unable to trace 
it into^this frigid clime. To the south of Van Dieman’s 
land it apjiears again, crouKes the Australian continent, and 
is found to pass into the Indian Archipelago, where it is 
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supposed to divide itself into two branches. • One of these 
crosses the Indian Sea to Cape Comorin, traverses Hindos- 
tan and Persia to the western part of Siberia, and from 
thence to Lapland and over the North Sea. llie other 
branch passes over Cliina and Chinese Tartary to the Eastern 
division of Liberia, where it is lost in the eternal snows. 
It is probable that there is some middle line between these 
two, but at present we are ignorant of its position. Should 
this ^supposition be founjl correct, we shall have a line divid- 
ing the earth into two hemispheres, one upon which the mag- 
net points directly nof th and south, — that is, on which .the 
needle has no variation. But with even the present amount 
of knowledge, we may consider these two braifthes as 
forming a line of great breadth, and then we have the globe 
divided into two liemis])lieres. In that which comprehends 
Europe, Africa, and the western parts of Asia, and a greater 
portion of the Atlantic, the variation is westward. In the 
other, which includes nearly the whole of the American con- 
tinent, the Pacific Ocean, and a portion of Eastern Asia, 
the variation is to the eaHt^’ « 

The tenn geograjihical or true meridian is pretty well un- 
der.stood*<^> incai^wicf vcitical plane which passes througii 
the poles of the earth. By tlie magnetic meridian of fay 
jilace, in contr^^distinction, we mean the vertica]|.plani3 which- 
passes through the direction of the horizontal needle at that 
place. * 

The value of a knowledge of the directive force of mag- 
netic needle has4ieeii appreciatedufrom the earliest 
the world. By its assistance the intrepid voyager for the 
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first time willingly lost sight of his native land, and guided 
his fragile bark over the bosom of the affrighted and angry 
waters. From that moment the ocean lost its power to ter- 
rify, and was in some degree brought under the power and 
controul of man. Nations have by its agency been united, 
civilization has extended, and the barrier between the union 
of man with n.an has been broken down. 

The compass is a term describing a class of instruments, 
and not one in particular. It is a general name for ii]\ in- 
struments which indicate the position of the magnetic meri- 
dian o4a place, or the relation of any object to a magnetic 
meridian. It is constructed in various ways, according to 
the situation in which it is to be used, but in all the princi- 
ple is the same. We n\ay, however, divide the compass 
into two classes, — those which are intended to show the 
direction of tlie magnetic meridian, to which class belong the 
land compass, the mariner’s compass, and the variation corn- 
))ass; and those which mark the angular distances of oljjects 
froii^this meridian, which are called azimuth compasses. 

The compass of either cljjps is hj^tbing more than a mag- 
ucUt needle, accurately suspended, \VYt\\ some atran<^en\ent 
- '7 winch its direction may always be ()etffi?hined. In order 
tlii’4 accurate infonnation may be obtained from it, but one 
riling is^ec^sar}', — to place it in a situation irbere it cannot 
l)c acted up^n by any mass of metal. ITie proximity of iron 
used in the construction ot vessels, is found to occasion, in 
some instances, a serious derangement in the direction of 
the needle. # 
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llie variation of the needle was not known for many years 
after the compass had come into use for the ]mrposes of navi- 
fratioii; an(f it was not until the year 1622, that the variation 
was suspected of change. It was then discovered that in 
Euro]>e it was moving from the east towards the west. In 
the^yejir 1C5«), Loudon wfis situated on the line of no va- 
riation, and from that time till within the last few years the 
needle has been gradually changing its direction, th? north 
pole pointing more and more towards the west of the terres- 
trial north ])ole. In London its greatest deviation -was 24° 
:j 0' W. of the true meridian, which it attained in the year 1818. 
It is now on its return to the true meridian. From these 
remarks it must be evident that the line of no variation is 
constantly changing. In 1664, the line of no variation 
jmssed over Paris. 

The cause of this remarkable phenomenon is still jiyi-apt 
in mystery, though the ^•centjreKcarchcs in electricity seem 
to direct the attention to a still closer investigation of that 
agent. * ^ i 

But the magnetic needle is subject to a diurnal, as wej^ as 
an annual cln/jige in its variation, which in soigc s^sons of 
the year may amount to thirteen or fourteen minutes. This 
curious phenomenon u'as first clescrihed by Mr. Gi-ahatn, 
who observed, that from about seven o’clock in tlie hiorning 
the north pole approached the w^st, and attained its maxi- 
mum variation about two o’clock in the afternoon, after 
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wliid) it returned, as he supposed, to its orifrinal position, 
there to remain until the following morning. 

Considering the difficulty of accurately determining these 
small changes in the variation, it is not singular that the 
tirst observations should have been somewhat incorrect, as 
we now know them to have been ; for careful examination 
has proved tl^at, after the needle has attained its maximum 
variation about two o\*lock in the afternoon, it gradually re- 
turns towards the east till the evening, and then has h se- 
cond westerly direction, afterwards returning again so as to 
be.ncjft'ly in the same position on the following morning. 
'Hiis daily variation is greater during the summer than the 
winter mouths, and greatest during June and xVugust. 

'rhe cause of the diurnal change in the variation may, we 
think, be more easily detcriiiined than the annual. We may 
for instance fairly imagine the average direction of the 
needle to be the result (rf a cause influencing, in degree, 
fho entij-e surface of the earth. But there are other causes 
in aftion \vhich are of a more transient nature, irregular 
and fluctuating. * ^ • 

It is generally believed, though some \vdio haji^ had an 
oj)|)ortunity of observing dvubt the truth of the sup])osition, 
ihat.the needle is affected by the Aurora Borealis, its devia- 
tion in A)mAnsta^^ces amounting to six or seven degrees. 
Volcanic eruptions also, as^we know in the case of the eru^)- 
tions of llecla and Vesuvius, produce a considerable tran- 
sient deviation, l^he electrical condition of the atmosphere, 
violent winds, the fall of snousand other atmospheric changes, 
*I»nKlucc the same effect. These facts suggested to Mr. Bar- 
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low the propriety of neutralizing the constant canse^ that 
which we call terrestrial magnetism ; for it is evident, that, if 
we can place the magnet in such a ])osition that it shall not 
feel the influence of the force which is constantly acting, then 
the action «f the smaller forces which are variable, will be 
more apparent. Mr. Harlow eflbcted this by arranging one 
or more magnets in such a iiosition to the nceifle, on which 
the ex])eriment was to be made, that the magnetic influence 
of tlic earth was destroyed. By this means he M'as able to 
magnify the daily variation almost without limit. 

The variation (compass, or the instrument used to exhibit 
the diurnal change in the variation, is not diflerent in prin- 
ciple from others. It consists of a horizontal magnetic 
needle, which is of greater length than those used for other 
comj)asscs ; and as it is not required that it should move 
round the whole circumference of the box, it is enclosed in 
an oblong case, admitting a motion of about 20 or 25 de- 
grees. A vernier scale and magnifier is generally attached 
to the instrument, which ^gives a facility of estimating the 
changes with greater jireciuon* 


DIP OF THE NEEDLE. 

4 

We have hitherto only spoken of the influence of ter- 
restrial magnetism in the production of horizontal jnptions 
in the magnetic needle. Let us now suspend the needle in 
such a manner, that it may be free to move in a vertical 
plane. If a needle be delicately supported upon its ceritrcM 



DIP OF THE NEF^T^E, 


293 


of gravity^ the horizontal position of the magnet will he dis- 
iiirbcd, and if the exjicriment be made in the northern 
hemisphere, the north pole will preponderate, or dip. 

The dip of the needle, which was first observed by Nor- 
man, is iv>t the same in all parts of the globe. Xhe last ob- 
servation on the dij) in this country, was made at Woolwich, 
in November^ 1830, by Capt. Sedgwick, who found it to be 
38\ As a general rules it may be stated that the dip di- 
minishes as we ai)])n)ach the equatitr, and increases a8 we 
come near to the ])olcs. Those points where the magnet is 
vertical? are called the magnetic poles ; and the line which 
encircles the globe connecting the ]ilaces where no dip is ob- 
sen^ed, has been called the magnetic etpiator. But it must 
be remembered, that the magnetic })oles are not situated ex- 
actly at the poles of the earth’s rotation, nor does the mag- 
netic equator coincide with the earth’s equator. 

hrom the observations tjiat have been made on the course 
of the magnetic equator in the Atlantic and Indian oceans, 
as wefl as that part of the Pacific which is nearest the South 
American continent, it a])pelrs In Incline to the terrestrial 
equator, at an angle of about twelve degrees. JJiit in the 
iimv:rir*an continent, at a longitude of about 113*^ it joins the 
equfl^or, and still further to the westward, at a longitude of 
, 150^ 13 'fit i^foun^ at a considerable distancS to the south 
of it. In the sea of China 11 6° east longitude it is found 

north of the equator, and must therefore have crossed it, at 
some intermediate point. But at the eastern node, as we 
have already mentioned, it ^s on the south of the equator ; 
..and hence there must be some other place where it again 
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traverses the equator. Inhere are then three points where 
the magnetic and terrestrial equators cross each other, and 
it is probable that there are four. 


VARIATION OF INTENSITY. 

€ 

Before we leave the subject of terrestrial magnetism, there 
is ode other enquirj' tliJWL demands our attention, 'llie inflii- 
ence exerted by the^ earth upon magnetic bodies varies 
greatly in its intensity, in different places. * 

Ihe method of measuring the intensity of terrestrial mag- 
netism was first suggested by Mr. Graham, who proposed 
that it should be done by counting the number of vibrations 
made by a m^ignct when disturbed from its direction, till its 
return to equilibrium. The movements of the needle arc 
governed by the laws which rcg\datc the vibrations of the 
jienduluin, and the intensity of the magnetic force is pro- 
portional to the square of the number of oscillation^ per- 
formed in any given timv.^ ♦ 

Humboldt and DeUossel were the first who made accurate 
experiments upon’^the magnetic intensity, and they have 
certained that the force of terrestrial magnetism is we^^<est 
at the equate/, and increases towards the poles! I His a pro- 
bable supposition that it will he found strongest at the mag- 
netic poles, and weakest at the magnetic equator ; but the 
principal object now is to determine the iaodynamic lines, 
or, in other words, the lines on ^hich the magnetic intensitj' 
is equal. 
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We might still further illustrate all these several effects of 
terrestrial magnetism by a simple hypothetical statement — a 
statement haling no probable foundation in truth, though it 
was seriously proposed by a celebrated philosopher, to whom 
the science of magnetism is greatly indebted. ^Let us ima- 
gine the earth to contain a powerful magnet, lying in a posi- 
tion coincidirg with the terrestrial magnetic axis ; and let 
it be sup])oscd that the magnet has a revolution round some 
point. This hypothesis, which Kepler ranks as one of the 
greatest of all scientific discoveries,^ is absurd enough in 
priiicijile, but would produce all those effects uj)on the needle 
which we have just ex]ilained. But to make this hy])Othc8is 
agree with facts, it must be assumed that the magnetic pole 
at the north pole of the earth, has properties similar to the 
south pole of a magnet ; for as we have already seen, it is 
only poles of op])osite names that attract eacli other. On 
account (if this, some autjiors have seen fit to change the 
names of the magnetic poles, calling that w^hich is directed 
to tHb north, the south j)ole. Tliis change in nomenclature 
cannot fail to increase the alhhigwfty which the authors are 
anxious to avoid, and we think it dcsirahlj^to cfjptinue the 
* original terms. It is easy V) perceive that the directive force 
of magnet is readily accounted for liy the hypothesis, 
k and alsS itsVariatjon, and the annual change* in the varia- 
tion, which would result • from a slow rotatory motion pos- 
sessed by the terrestrial magnet. The dip is also explained 
by the same supposition, for it is evident that the nearer the 
needle be brought from th^ centre to the poles of the terres- 
trial magnet, the greater will be the deflection from the 
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horizontal plane, until at the jioles it assumes a perpendi- 
cular position, lliis may be shown by passing a needle so 
suspended as to have a freedom of ])cqiendicular motion, 
over the surface of a bar magnet. But although this suppo- 
sition may tend to illustrate the general principles of terres- 
trial magnetism, it is not at all capable of explaining many 
other facts with which we are acquainted. Tlv? irregularity 
of the magnetic lines is altogether unaccounted for. ITiere 
is alfeo reason to believe Jlhat the northern and southern mag- 
netic poles are not diametrically opposite to each other ; and 
there are indications of two or more })oles in eacll hemi- 
sphere having different degrees of intensity. It may in fact 
be considered as determined that there are two magnetic 
poles in the northern regions, one in Hudson’s Bay, the 
other in Siberia; the former hating much the greater inten- 
sity. 


INFLUENCE ON SOFT IRON. 

Hitherto we have only*spoke\i of the influence of terres- 
trial magpetism^pon the needle, and of one magnet upon 
another. It may here be asked,! has the magnet no inflfP“ 
ence upon substances which do nut possess the mag{fttic 
property ? and to this question we must epdeat4mr fb reply. 

If we take a piece of iron qr steel, and bring it into 
contact with the pole of a magnet, it immediately be- 
comes possessed of temporary magnetism, and during its 
connexion is itself a magnet. !But as soon as the mag- 
net is removed, all the acquired j»roperties of the iron, or* 
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steely are losty and it becomes incapable of producing any 
magnetic effect. The process by which it acquires these 
properties has been called induction. A few experiments 
will exjdain the fact, and illustrate the principle. If the 
north i)ole of a magnet be brought into contact Avith a small 
bar of iron, the iron becomes a magnet, and that end which 
is connected ^Avith the north end of the magnet is a south 
pole. But if the south pole of the magnet be })resented, the 
end in contact Avill be a north ])oli^ From Avhich it i^ evu 
dent, that each pole of the magnet induces the opposite kind 
of*j)oldSpity in that end of the iron which is least distant. 

It has been discoA'ered that the law goA’^eiming this pro- 
])crty of induction is constant, and that the induction is ah 
Avays inATrsely as the distance. This may be approximately 
shown by an ex])eriment. Bring a ])iece of iron into the v\~ 
ciuity of a magnet, so disj)osing the distance that it may be 
ca])able of supporting a^ smaller jMcce of iron at the point 
farthest from the magnet. Noav Avithdraw the magnet to a 
gredler distance, and the iron Avill fall. But if Ave bring a 
smaller piece of iron to the^nd,^j4; will be suspended ; or if 
Ave bring a small piece of iron Avire between the magnet and 
tlie iron, then its power ,AArill be apjWently restored. By 
e?^riment8 varied in this manner, it maybe shown that the 
inductfcn i*l inversely as the distance. • 

A piece of iron, when thus temporarily magnetised by in- 
duction, will also have the poAver of attracting and repelling 
the potes of a magnet. Take a small needle suspended on a 
point, and present it to a f^iece of iron arranged as in the last ^ 
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experiment^ and it will be influenced according as the pole 
may be north or south. 

A piece of iron^ in a state of induced magnetism, has also 
the power of inducing magnetism in another piece of soft 
iron, and so on for a considerable series, and the last piece 
which receives the induced magnetism will be in every re- 
si)ect a perfect magnet. 

An induced magnet has also the singular j)roperty of in- 
creasing the intensity <jf the magnet itself. Bring to one 
pole of a magnet a piece of iron to which has been attached a 
small scale. Ascertain the weight it will carry by hiding 
weights to the scale. If a piece of iron be now brought near 
to the magnet, or in contact, and the experiment be repeated, 
the magnet will sustain a much greater weight. 

From this general view of the principles of induction, we 
may discover the reason why a magnet attracts a ])iece of 
iron. It is not because it has any; affinity for the iron, but 
because the iron becomes a ternjiorary magnet, and the end 
connected with the magnet is in an opposite magnetic Istatc 
to that pole of the magnet itself! 


We have already described the action of magnets on each 
other as consisting chiefly in a Te{)ulsion between poles of 
the same name, and an attraction between poles of an oppo- 
site name. The action of one mftgnet on another is regu- 
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lated by a law first discovered by Mayer in 1760, and after- 
wards liy Lambert : it is aecordinj^ to the inverse square of 
the distance. Coulomb, however, has deservedly the ho- 
nour of proving the truth of this important principle by in- 
controA'ejtiljle eWdcnce. ^ 

Mr. Fox has recently made some experiments, which tend 
to prove, that the recij>rocal force of two magnets at small 
(hstances, is as the direct inverse ratio of the distance, not 
as the inverse ratio of the square o^the distance. Mr» Fox 
states that when the two magnets he employed were sepa- 
ni4ed ?ibout two thousandth of an inch from each other, 
their force was equal to only one half of that when in con- 
tact. When the distance was one thousandth of an inch, 
the force was only one quarter ; when five hundredth of an 
incli, only one eighth ; and so on, in the direct inverse ratio 
of the distance until they were one- eighth of an inch, or more 
asunder ; after which the attractive power seemecl to approx- 
imate to the inverse ratio of the s(|uare of the distance. 

I^. Ritchie objects ^ to Mr. Fox’s conclusion that the mu- 
tual attraction c,f two maglicts inversely as the distance, 
and sup]>orts the accuracy of the law, always before adopted 
i»y ])hiloso])hers, of the inyerse square oT the distance, ’flie 
IHctor admits the accuracy of the experiments, but denies 
the ccficliAion. ^ Ilis first objection is fouirted on the fact, 
that the position of the magnetic i)ole depends on the form 
and length of the magnet. In proof of this statement he 
adduces Biot’s experiment, in which a steel wire, twenty- 
• 

I 

* Pliil. Mag. 3d Series, vol. viii. p. 55. 
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four inches long, properly magnetized, was shown to have its 
pole an inch and a half from the extremity, the distance 
from the extremity, however, decreasing >vith the length of 
the magnet. 

Dr. Ritchie further objects that Mr. Fox’s experiments 
confirm and are a beautiful illustration of the law of inverse 
squares, investigated by Coulomb ; for, he says, if the dis- 
tances between the poles of two magnets in three different 
positjpns ])e, as 2, 3, and^4, then “ the attractive forces will 
be inversely as 2*-*, 3^ 4**, that is I, ; but J is nearly the 
half of one-fourth, anti Ve nearly the half of i, as Mr. Fpx 
found by actual ex])erimeni.” 

To the last-mentioned objection Mr. Fox very pro])erly re- 
plies ; “ I cannot admit the justness of Dr Ritchie’s conclu- 
sions, unless it can be shown that the results of my experi- 
ments are conformable to the law of the inverse squai*es, of 
the distances throughout tlie whole series of nine or ten re- 
movals of the magnet, calculating from any assumed points 
whatever in them. * ” * 

Tlie results obtained by ^Ir. Ejx arc, however, we cannot 
doubt, only true in reference to magnetic attractive forces at 
very small distances! 'The fact vjas observed by Mr. SnovT^ 
Harris in the year 1827. Speaking of a table containing 1#ie 
results of some experiments on this subject, h4 sayb, " It 
may be perceived that the corresponding forces at near ap- 
proximations do not materially vary from a sim])le ratio of 
the distance. The deviation from the law of the inverse 


* Phil. Mug. vol. viii. p. 108. 
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scjuare of the distance observed, in all the near approxima- 
tions of the magnets, may happen either in consequence of 
the distant })olarities having jiassed a certain limit, or other- 
wise, from the inductive action not going on with the same 
freedom,.at some point approaching saturation 


FORMATION OF MAGNETS. 

V 

Magnets have another eflcct upon ferruginous su])stances 
hwides that already mentioned ; the production of jierma- 
iieiit magnetism in hard steel. In this instance, as well as 
that in which temporary magnetism is imparted, the jiower 
is gained by induction, lliat we may present a tolerably 
accurate view of the science now under consideration, it is 
nccessaiy that an exjdanation should be given of some 
methods by which arti^hd iiermaiicnt magnets may be 
formed. 

Mhgnels may he formed by jiercussion. Thus for exam- 
j>le, if a poker be held in a^Trti^tfd position, and be struck 
three or four times with a heavy blow, it vjdlHjecome mag- 
lictic. 'I’o obtain good peruianent magnets, steel bars should 
he\^sed, as the permanency depends upon the hardness of 
the iro^. lyctangular prism is fount? by experience 

to be tlic best shape foij the bars that are to be rendered 
magnetic. Now, supposing we bad no artificial magnets, 
we might obtain them hy taking bars of iron, and hammer- 

* Trans, of Royal Society of Edinb. vol. ii. p. 31*2. 
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ing them while in a vertical ])ositi()n. llic lower end would 
acquire a northern polarity, the uj)y)er a southern, and this 
is the result of the inductive influence of terrestrial magnet- 
ism. If the iron bar be hammered upon a mass of the sjime 
metal, both^ being placed in a vertical ]>osition, the magne- 
tism of the bar will be increased, for both will be rendered 
magnetic, and the induced magnetism of one, will increase 
the power of the other. 

Small magnets may lyp formed by simple juxta-])osition. 
To develoj)e magnetic^ l)ropcrtics in this wjiy it is not suffi- 
cient that one end of the steel bar be in (font act with ttte miig- 
net, for then one end will be more strongly magnetised than 
the other, llie bar must be ydaced Ijctween the opposite 
poles of two magnets, having nearly the same power, and it 
is found that the magn(itism tlms induced is more than twice 
as great as that produced by a single magnet. 

But the greatest magnetic po^'cr is gained by bringing 
every j)art of the bar under the influence of the magnetising 
pole. ])rocess is called magnetising by the touch? and 

it will be necessary to of •.^oine of the most important 

methods, which have been proposed. 

Tlie first mctlioll emjdoyed, jvas that called the single 
touch. The operator, in tliis experiment, jdaces iqjon a tW»le 
the bar to be lAagnetised, and taking a rnagnel, drhws one 
yK)le in a vertical yjosition over, the surface of the bar ; 
after this has been done, the process is rey)eatcd, an(l conti- 
nually, till the efTect has been oljtained. Considerable care is 
recyuired in this oy)eration, or thfi" bar will acquit e more than 
two poles. 
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Dr. Knight improved upon the method of magnetising by 
the single touch. He used the opposite poles of two mag- 
nets, applying ])oles of different names to the opposite halves 
of the l)ar. Take two magnets, and, joining them by their 

0] )posite poles, jdace them on the bar, in such a })osilion that 

their point of junction may be on its centre. 13y drawing 

them ill o])j)osite directions, each ])ole will receive the mag- 

netisin it is to permanently ])ossess. This. method was found 

to answer exceeding W'ell with suiall bars, but waSp not 

it 

e(pially effective in magnetising long ones. 

Dulmmel invented another process by wdiich bars of any 
length may be rendered magnetic. He took two bars of 
hard steel, and, jdacing them tmrallel to each other, united 
tliern by bars of soft iron. The oj)posit.e poles of two bundles 
of magnets were then jdaced together on one side of the 
parallelogram, and slowdy separated. The ])ioccss being 
r(‘[»eated on each bar, and on each siile of the bar, a strong 
[ic’vrnanent magnetism may be obtained. Kpinus improved 
lipoi^ this process by using magnetic steel bars as the. cross 

1) ieci‘s. Several other methods have been employed, most of 
which Imvc advantages under jiarticular eircumstances. 

•We have here spoken of tiie proolic^iori ot permanent 
in.'i^netisra in ferruginous bodies, but the ])ropert.y is only 
IKTiiian^ht ik dt'gree, for there are many cawes which tend 
t't disturb and even to destroy it. The magnetism is then 
s:nd to be dissipated. If for instance we keep a magnet in 
aay otWbr position than that which it w^ould assume from the 
uncontrolled action of tenfcstriul magnetism, its power is 

^weakened, and wdll at last be entirely destroyed. If tw’o 



304 


INFLUENCE OF MAGNETISM ON WATCHES. 


magnets be kept with their similar poles united, the power 
of the magnet is dissipated, and the weaker will sometimes 
have its poles reversed. Heat also will destroy the magnetic 
])Ower, and a concussion or violent rubbing will ])roduce the 
same effect. 

• * 

Magnets may, on the other hand, be strengthened by an 

attention to the converse of these statements, llie best pro- 

f 

vision for the security of magnets is the ap])Ucation of an 
armature, that is to say, their poles should be united by a 
small piece of soft iron. Wlien it is required to unite two 
or three magnets so that they may act as a single iiagnet, 
they are bound together by a piece of soft iron, which consi- 
derably increases their magnetic |X)wer. 

ITie influence of magnetism iijion the going of clocks and 
timepieces, has been studied by many ingenious persons. 
In the year 1798, Mr. S. Varley published an interesting 
pa])er on the subject lliis gentleman rc])resent8 himself 
as having studied for many years the theory of clock and 
watch making, and as ha^^ng been engaged for sorn^ time 
in an extensive manufactory ff watches. From his own 
statement it is evident that some jiersons, previous to the pub- 
lication of his pap^r,Svere of opinion that the balance wheals 
of watches might possess the magnetic ])ropcrty, but tl^t it 
was suffleientf y powerful to alter the rate of goi ig in a 
watch placed in different positions, no one had imagined. 

c 

Mr. Varley’s attention was called to the subject from the cir- 
cumstance of his having in his own possession a ilatcli of 

Tillorh’s Pliilosopli. Mag. vol. i. p. 10*. 
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excellent workmanship, but exceedingly irregular in its ac- 
tion. When the pendulum sj>ring was removed, and the 
balance placed on the poising tool, it was soon found that 
jnagnetism was the deranging cause. So strong was the 
magnetism of the balance, that when its plane^ was in an 
liorizontal })osition the polarity overcame the friction upon 
tlie pivot, and it constantly ranged itself with its i)oles 
tow'ards the ])oles ()f tlie earth. 

'J <) determine the amount of infli^mee possessed by mag- 
netism the balance was rej)hiced, and the watch put in a 
liorizoirtal position, with the north j)ole of the balance 
Inwards the terrestrial jiole of the same name : — in this situ- 
ation the watch gained five minutes thirty-five seconds in 
twenty-four hours. When the north pole of the balance was 
towards the south jiolc of the earth, the watch lost six 
mimiies forty-eight seeontls in the same ])eriod. After dis- 
covering these results, a gold balance was substituted, and 
the error in the rate of going was entirely corrected. JMr. 
Vaiic^i made exjjcriraents upon many other steel balances, 
lait was unable to find one without* magnetic polarity. 

JSince the jiublication of Mr. Vurley's paper much atteri- 
tioi. has been paid to the influence of mftghetism on the rates 
of chronometers. To correct any source of erro to which 
the im4trArnei!N:s may be exposed is so iinj)ortaiJt, that all per- 
sons who are engaged in philosophical pursuits have watched 
tins investigation with peculiar interest. We carinot, how- 
ever, in^this place, do more than direct the reader to the 
papers which have a])peared4ii the Philosophical Journals *. 
^ ‘ fSec Mr. Pislici's paper in Pliilosopliical Transactions for 1820 and 
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In the year 1824, M. Arago discovered that if a plate of 
cojiper, or /ithcr metal, be placed under a magnet, it will 
sensibly affect the extent of its oscillations, and bring the 
needle to rest in a shorter time than would otherwise have 
been required. This observation led him to the examination 
of the phenomena, ant^ >*ltimately to the discovery of a most 
interesting class of effects. In December of the same year, 
Mr. Barlow, assisted by Mr. Jmnes Marsh, cominfticejl a 
similar investigation. “ Mr. Barlow having rcujuested me,” 
says the latter gentleman, “ to ascertain, by means of one of 
the turning lathes in the Royal Arsenal, whether by giving to 
an iron body a rapid rotation, any change could be distin- 
guished in its magnetic state during the motion, or after it 
had subsided, I did, accordingly, about the beginning of 
December, 1824, attach a small howitzer shell to a lathe, 
admitting of a rapid motion, and having ]ilaccd a* small 
compass very near to it,*^I j)er<%ivcd at once, that the neeflU 
was consjjderahly deflected, but it returned to its original 
direction as soon as the motion ceased.” ^ 

Similar experiments were afterwai ds made by Mr. Ba^ow; 
but, finding liimself embarrassed with the iro/i-wcA*k of ihc^ 
lathes and other machines, he copstructed an instrument b> 
means of which he succeeded in deducing the laws which 

Mr. Harvey's remarks in Kdinburgb Philosojdiieal .Toiirnal, vol. x, p. 1* 
S«;e !»lso Mr. Barlow's i>a]»ers on Ihc Local attructirm of vessels, Eiiii 
liurKh Pliilosopliical .Tounial, vol. ii. p. 65. • 
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regulate and determine the direction of the needle in all 
cases and in all situations.” It was not till Aprils 1825, that 
Mr. Barlow was made acquainted with M. Arago’s experi- 
ments. “ The account he had of M. Arago’s experiment,” 
says Mr. Marsh, was that, by placing a co|)per-plate on a 
vertical spindle, the plate being horizontal, and then placing 
just above it^a light compass needle, but independent, of 
course, of the plate ; on causing the spindle and plate to re- 
volve, the needle was considerably .deilected, and mom and 
more as the velocity was increased ;^so that, when the plate 
was jmt into rapid rotation, the needle also began, after a 
few vibrations, to revolve, and at length with considerable 
velocity.” 

'I'liis account is interesting, as showing the manner in 
which two philoso])hers, at a distance from each other, may 
l)c led by a similar course of thought and experiment to the 
discovery of the same principles. We shall not, however, 
refer more at large to the observations of Arago and Barlow, 
f)Ut idirert the attention of the reader to an instrument in- 
\ented and inanufectured l)y M. Clarke, of Lowther 

Vreade, for the exhibition of the facts they discovered. 
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Fig. 54, represents an instrument by which either a ver- 
tical or horizontal motion may be obtained, and it may, 
therefore, be made serviceable for many experiments beside 
that we are about to describe. From the end of the hori- 
zontal arm is suspended by a string a bar magnet. Beneath 
the magnet there is a circular disc of coj)per, which is made 
to revolve from its connection by a band with the horizontal 
wheel. A plate of glass is fixed between the magnet and 
the 6*oiiper disc, so as prevent the action of currents of 
air. As soon as the ^disc begins to rotate, vibrations will 
be observed in the magnet, and after a short time, b^th will 
rotate in the same direction. 

Kij'. 54. 




Clarke’s compound Apparatus. 
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Fig. 55, exhibits the reverse experiment — the rotation of 
the magnet producing that of the disc. From both the ex- 
jieriments it will be evident, that, by rotation, a temporary 


Fig. .55. 
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magnetic state may be induced in metals supposed to be 
destitute of the property. 

Tliis condensed explanation of the science of magnetism 
will put the reader in possession of some important facts^ re- 
lating to the indiience of magnets on each other, and of ter- 
restrial magnetism on them. Tlie relative influence of mag- 
netism and electricity we cannot describe until we have 
taught the latter science, and our now very limited sj»ace 
will prevent us from at^^npting even a brief account of the 
extensive science of Eiectro- Magnetism. 
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^LlSCTlll^AL liACniNE, 


CHATTER VTI. 

ELECTRICITY. 

1'nE word Electricity had a few years since a very confined 
application to the phenomena presented during the develop- 
ment of certain forces byrfriction. The experiments of m^ 
, dern philosophers have proved that the same agent is deve- 
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loped by chemical action, heat under certain circumstances, 
magnets, and the mus(‘ular action of a few fishes, 'ilie dis- 
covery at different times of these several means of obtaining 
electricity has caused the formation of distinct sciences, 
which are distinguished from each other, by the ca\ise from 
which the electricity is obtained. Although we feel the im- 
portance of avoiding a too hasty generalization yet in a cer- 
tain stage of the jirogressivc development of the relations of 
scientific truths, it is necessary that there should be some 
persons who, careless ol the doubts of others, are willing to 
break the trammels of custom, and exhibit those mofe per- 
fect views of natural phenomena which successive discoveries 
have revealed. We believe that the electrical sciences pre- 
sent such an opportunity at the present time, and the attempt 
would have been made in this work, if it had not been in- 
tended for the use of those who are commencing the study 
of ex])eriinental philosophy. , 

From these remarks, the reader will perceive we are of 
opinion that the phenomena of common or ordinary, voltaic, 
magnetic, thermal, and animal* electricity, arise from the 
same agency, acting under different circumstances. Tlie 
only means of proving an identfty of cause is by asceT- 
taining an identity of effect; nor is it necessary for Ais 
purpose, that tlfere should be the same apounl of* effect, 
for we are well assured that in ^nature there is a con- 
stant variation in this particular, arising from modif^dng 
causes when the same agent is active. In the following 
^>ages it will clearly appear, that tht effects produced by what 
are called the several kinds of electricity, are only different 
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in degree, and hence we conclude that the same agent is 
acting in each. 

Before we commence the investigation of the several 
branches of the science of electricity, it may be com'enient to 
the student, that we should take a general view of the vari- 
f)iis means by which it may be developed. Whenever fric- 
tion is })roduced, whenever voltaic combinations are formed, 
from every magnet, and every unequsd change in the tem- 
perature of metallic substances, electricity is developed. 
IIr>w Made then is the influence of thi^ agent, and reasoning 
fr<irn itSs universal distribution, how important it must be to 
tile good order and harmony of material existence. Both 
animate and inanimate substances ai*e in some degree under 
its coiitroul. As the principle of life has an intimate, though 
mysterious connexion with matter, and is invigorated or de- 
pressed, by the condition of its material habitation, and sur- 
rounding existence, it cannot be free from the same influ- 
ence. It is, however, more than probable that it is not only 
necessary for the continuance of the j)resent condition of 
b^xlies, but that its ])resen&fe govf^s all chemical changes, 
and watches over, if it does not sustsiin, the order of all mate- 

'‘T** 

riai existence. The disturl^^ng forces \m the surface of the 
Eartli, are constantly in action ; and by each the electric 
equ^brflim is affected. Nor is the conditiou*of the interior 

of the globe less liable to change. A metal cannot have an 
alteration of temperature, without putting in motion electric 
currents, and what is observed in the instance of a small me- 
tallic body on our laboratofy table, is present in the greats 
/eservoirs of metallic ore in the interior of the Earth. 
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The unequal transmission of hesit, from the surface of the 
Earth, gives a varjdng temperature to these immense accu- 
mulations of metallic substances. Tills is suflicicnt to put 
in motion thermal electric currents, which are, in all proba- 
bility, in many instances aided by the presence of ternary 
arrangements developing voltaic electricity. 

Ihese currents must find a passfige to the surface of the 
Earth, and every tree and vegetable blade becomes a medium 
of dissipation. There jire, therefore, causes both on the 
surface and in the int^lior of our world, which tend to dis- 
turb the electric equilibrium. In the atmosphere it* is (Col- 
lected iu clouds, from which it descends to the Earth ; nor 
need it be a matter of surprise, when we consider bow vast 
an accumulation of electric fluid is sometimes present in the 
clouds, that there should be some countries where the roll 
of the thunder, and the flash of the lightning scarcely cease. 
But at the same time we must admire the beauty of those 
arrangements by which the disturbances of the electric equi- 
librium are corrected, and the fair forms of nature preter^Td 
from the devastating and^consuming influence of an inordi- 
nate accumulation. 


COlfiMON OR ORDINARY ELECTRlCI^lf Y. ^ 

i 

« 

The effects produced by electricity generally, are similar 
to those which would be obtained from the action of ^ subtle 
^ fluid, and hence it is, we speak Af the electric fluid. In that 
state to which we are now about to allude its effects are suclj 
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as would result from great condensation, shown by its 
sudden and violent action when accumulated in a Leyden 
jar. As water, when pent up by some powerful resistance, 
s\veej)s away all lesser obstacles when the greater is removed, 
and forming for itself a channel, flows on till it attains a uni- 
formity of surface, so the accumulated and the confined 
electric fluid, ^when once it has a means of escape rushes 
from its place of rest, and instantly restores equilibrium. 

llie most common method of develo]>ing the ordinary 
electricity is by friction. All bodies |are ca])able of excite- 
ment under restrictions to be hereafter mentioned. When 
two bodies are rubbed together, their elf^ctrical conditions are 
disturbed, one being charged with more, and the other with 
less than its natural quantity. And tliis eflFectj^ill be ob- 
tained, even thougfi the bodies arc to all appearance exactly 
alike, for Epinus says, that when he rubbed two equal pieces 
of glass together, they were oppositely electrified. 

Either plus or minus electricity may be obtained from any 
substance by changing the rubber. 'Fbus a piece of glass 
excited by a silk handkerchief, witt be positively electrified, 
with the hack of a living cat negatively. The ^character of 
the electricity will also depend on the*dt^ree of smoothness. 
Ccipur also has an influence, for if black and white silk are 
rulJjed* together^ the former will be negatively, the latter 
positively electrified. • 

Electricity may also be developed by the friction produced 
in the act of sifting. ITiis may be proved by sifting some fine 
zinc filings through a silv& sieve, or silver filings through^ 
zinc sieve, on the top of a gold le^af electrometer. When sub- 
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stances are rubbed together, as in the act of trituration or 

pounding, the electrical states of those substances are changed. 

Take a smooth plate of glass, and trace any letter upon it 

with the knob of a jar charged ]iositiv’'ely, and the same or any 

other letter twith the knob of a jar charged negatively, 'rhen 

rub togther some red lead and sulphur in a mortar, and dust 

the plate with the mixture, or filling the mouth of a pair of 

bellows, blow it on the jilate. ITic sulphur will attach itself 

to tte letter made with the negative jar, and the red lead to 
h 

that made with the positive. Only one reason can be given 
for this aj>])earance ; the sulphur is positively, and the n;d 
lead negatively electrified by rubbii^g. 

Electricity is also often develojied when a substance is torn 
asunder by mechanical force. When a piece of dry wcxid is 
split, one piece will be in a positive, the other in a negative state. 

Electric phenomena are also developed when a substance 
changes its state, from a solid to a> liquid, or from a liquid to 
a vapour. If a hot jdate be placed on the caj) of a gold-leaf 
electrometer, and a little^ distilled water be dropped 8n it, 
the water will instantly be- vapofised, and the leaves will di- 
verge, giving^^dence of the liberation of the electricity. 

The action of heat on crystallized bodies also disturbs their 
electric states. Tourmaline is a substam^e peculiarly adajfted 
to prove the fact. ITiis curious mineral, qalled liy the imci • 
ents, Lyncurium, and by Linnaeus', the Lapis Electricus, or 
Electric Stone, was first examined by Epinus in 1756- His 
experiments were published in the Memoirs of the Berlin 
^Academy. When the temperatufe of a crystal was raised 
from 100° to 212° Fahrenheit, one end was charged with 
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positive, the other with negative electricity. Boracite, Topaz, 
Axinitc, and other minerals, are also capable of excitement 
in the same manner. M. llaiiy is of opinion, from the result 
nf his researches, that the process of crj'stallizatioii is depen- 
dent on electricity. 

Volta was the first Avho ascertained that the electric condi- 
tion of bodies is disturbed by contact. ITiis was proved by 
taking two discs, one of co]>i)cr, the other of zinc, or still 
I letter silver, about two inches in (Uaineter. To these j^rere 
attached glass handles. ITie plain and smooth surfaces of 
the dis«s were then made to touch, and when seiiarated, their 
electric conditions were examined: the co])per was uniformly 
in a negative, and the silver in a positive state. 

II once then, it will appear, that the mere contact of two 
insulated dissimilar uictals, without friction, is sufficient to 
disturl) their electric condition; but no theory has been yet 
proposed, by which this extraordinary fact can be accounted 
for. 'J’hc Hilcnt transmission of electricity, during a momen- 
tary ^ntact, must be produced by some force, which we are 
at jiresent altogether unable Jo tra^e. 

l^lectricity is .also very commonly developed by sub- 
staj^ccs, when acting chemically on ejiclf other.’** Becquerel 
has proved, that an acid, when it has a chemical action on a 
nietS, Iv^coitcs positive, and the metal is in aitiegative state : 

this is the cas^ when diluted sulphuric acid attacks iron 
filings. From Dr. Wollaston’s experiments on the electrical 
niachini?, we may learn that electricity is set free by the oxi- 
dation of metals, and thatj^the electricity of the machine is^ 
[lartly deriA^ed from this source. 
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VOLTAIC ELECTRICITY. 

When any three elements, two of which exhibit chemical 
action, are'in contact, electricity is given out ; hu^ the fluid 
is in a different state from that obtained by friction, llie 
voltaic batter}’^ gives a continuous stream or current of elec- 
tricity, but it has little or no intensity. 'Flie common elec- 
tricity has so much enei'^gy when in motion, that it is able to 
overcome the resistahce of a bad conductor; the voltaic 
electricity has not this jiower. If a ball, for example? be 
brought within an inch or two of the conductor of a machine, 
the electricity will pass from one to the other, although dry 
air, which is a bad conductor, should interv’^ene between 
them. But let the two ends of the conducting wires be 
brought to the same distance from each other, and no effects 
%vill be observed ; they must in fact, he almost in contact 
before there can lie any transmission of the electricity. On 
the other hand, the qiiartity of electricity is much greater 
from the voltaic battery \iian from the common machine, for 
in the foniWih.there is a constant current, and in the latter 

i 1 

the fluid is incessantly intemi])fed. 


BfAGNETIC EL^;CTttICITY. 

Electricity may also be obtained by the actioil of the 
magnet, which is, we think, its vnost important source. The 
magnet w^as known ages before the existence of electricifj; 
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was suspected, and yet, when its princ5])les had been ascer- 
tained, and all other known means of setting it free had been 
discovered, the magnet was found capable of exciting the 
same sigeiit. ITiere are many reasons why the magnet should 
l)c jwefetred as the best means of showing electric pheno- 
mena. It is in the first place able to exhibit tlic intensity 
ellccts of the j^ommon, and the quantity effects of ihc voltaic 
battery with equal facility. It is at the same time less 
adected by external causes than either. 'Fhe iiiachin® will 
only act in a jiarticular condition off the atmos])here, — the 
pti'sen^e of moisture effectually jirevcnts any residts. Tl^ 
Vidtaic batter)^ on the other hand, in its common fonn, soon 
loses its acti^'c energ)', and decreases in power in proportion 
to the time it is used. Both arc attended with much trouble 
in the prc]>aration, but the magnetic machine, on the other 
liand, is always ready for use, and will exhibit more effect 
than either se])arately. cannot then be disputed that wc 
should act wisely in placing the magnet first among the va- 
nous!»sources of electric excitement. 


THERMAL ELECTIUCVT^'. 

• 

'Jie electrical condition of metal is disturbed by an un- 
ecpiil temperaturg. If a bar of antimony, bftmulh, or other 
metallic! substance be hej|itcd at one place, and cooled at 
another, a current of electricity is instantly put in motion. 
In tbiif case, however, the intensity is so small that little or 
no effect can be obtained ;• but when many plates are coi^ 
. nt'cled together, the results are very strikiug. 
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ANIMAL, ELECTRICITY. 

Tlie term animal electricity has been applied to many dis- 
tinct classes*i)f jihenomena. 'fhe free electricity of ihfc human 
d^ody has been sometimes so called, and at one j)eriod the 
voltaic electricity had the same name : we mvst, however, 
confine the use of the exiwession to that agent developed by 
a few fishes, called by wjfy of distinction the electrical fishes. 

'riiere are then five fcources of electricity ; not five distinct 
kinds of electricity as some sup]>ose, but the same agent *in 
difterent states, lliese we shall examine separatclj", but 
the reader, by bearing in mind the unity of the agent, will 
be greatly assisted in liis attempt to acquire a knowledge of 
the science. 


PRODUCTION OF ORDINARY ELECTRICITY. 

r- 

ITicre are few scientific*«ubjec?vS ndiich have been so gene- 
rally studied^ as the science of Electricity. This will appear 
at first the more singular, wheij we consider that it is Sic 
branch of physical knowledge of the most modern growth. 
It has, howevef , been the most prolific, and has* tlirbwi^l of! 
many subsidiary shoots wliich h^ve yielded much fruit to 
the cultivator. The Science of Astronomy first engaged, 
without doubt, the attention of men, and when in milturity, 
J|?lectricity, as a principle, much more as a science, was un- 
known. 'rhe study of the heavenly bodies was the niosl 
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obvious I>ursuit of the early inhabitants of the Earth, for it 
is a science of observation. On the same account it is still 
a popular amusement, though by no means a common study, 
—there arc few who arc not acquainted with the wonders it 
reveals, there are fewer still who undersbind the causes which 
pnKliicc them. Electricity is an experimental science, and 
(onscquently was, in some degree, dcj)endent on the pro- 
gress of the Arts. 

The facilities wlii(‘h have of late been offered for the con- 
htruction of instruments, and of appa^^tus generally, could 
iiot^fail io attract attention, and the ease with whicli they 
can be obtained lias enlisted many in the study of Electri- 
city. There is so much to please the eye, and to excite 
surprise in the common experiments, that the elementary 
facts of electricity are, perhaiis, more generally knr>wn tlian 
any other branch of ])hysics. It is also a subject peculiarly 
adajited to please, and to excite the curiosity of young per- 
sons, and is therefore often introduced to their attention by 
those uprcnts and teachers, who feel the value of creating or 
cnciiuragirig liuhits of oh.ser^\n|ion. 

The ancients appear to have been aware that amber, when 
• iihl^^d, becomes jiossessed of the jiropcrfy^of attracting light 
bodies. 'Fheoiihrastus says, that the lyncurium stone which 
IK snjjiosfcd t^ be the tourmalin of modern piincralogists 
i»as When rubbed, ah attractive power, and draws to itself, not 
only straws, and light pieces of stick, but thin pieces of 
ciijipcr ajid iron. These })lienomena engaged the attention 
of the Greek philosophers, ^s among the occult wonders of 
tile jihysical system. They had no idea of the principle whieli^ 



322 


DEVELOPMENT OF ELECTRICITY. 


gave them birth, and do not seem to have made any experi- 
ments calculated to acquaint them with the cause of the ap- 
pearance that excited their wonder. 

In the beginning of the eighteenth century, when the at- 
tention of intelligent and obser\*ing men was so singularly 
and powerfully iuqiressed with the necessity of an experi- 
mental investigation of physical agents, many attempts were 
made to discover the nature of that jirincipleJ' developed by 
friction on the surface of amber. Dr. Gilbert, a physician 
of eminence, ascertaii^pd that many other substances acquire 
the attractive power by friction. Between the years 1720 
and Mr. Gray ]nililished some papers on electricity, in 

the Philosophicral Transactions. This philosojdier discovered 
that some bodies had the power of conducting electricity, 
and that others had not. He also made some experiments 
which induced him to believe that certain bodies could lx* 
excited by friction, while others could under no circum- 
stances be made to jiosscss the attractive power : and con- 
sequently, he divided all substances into electrics, aiyi non- 
electrics. Tliis arrangeiAent liys been adopted, even by many 
modern philosophers, yet there can be no doubt that all sub- 
stances are capabki trf excitement by friction, though ngt in 
an equal degree. If we rub a rod of glass with a piece of silk, 
taking care that both be perfectly dry, we shall fin^ th^t the 
glass win be electrified, or in other wordtf that it will acquire 
the property of attracting light substances. The same effect 
will be produced if we rub a stick of sealing wax with flan- 
nel, or a wooUen cloth. Let uj^ then take a rod of metal, 
brass for instance, and rub it with a black cat’s skin, we shall 
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be quite unable to produce the attractive power. It might 
consequently be supposed that the brass was a non-electric, 
a substance incapable of excitation. Let us not, however, 
judge hastily ; there may be some cause altogether indepen- 
dent of the excitation of the substance that prevents the pro- 
duction of the ciFect obsen-ed in the former instances. 

Before we explain this more particularly, it may be well to 
turn to another course of experiments, which will consider- 
a})ly assist us in our inquiries. Tl^c electricity which ^ ex- 
cited upon the surface of glass or ng w'ax, may be con- 
veyed 4o some indejiendent body, which will become electric 
without friction. 

Let A fig. 56, be a [)ith ball suspended to a 
hook fiistened to a glass stand S S'. Take a piece 
of sealing wax and rub it briskly with a flan- 
nel so that it mav be excited, llicn bring it into 
contact with the ball A. As soon as the two 
bodies are brought together, the ball A receives 
a certain amount of electricity from the excited 
sealing wax, andijlhe pn)of of this is the existence 
of a repellaiit force, which is almost immediately 
called into actioq. AVe may*tl5erefore supi)ose the 
]nth ball A to be charged with electrii;ity, or in other words 
exceed •by Jontact, with the electrified wax. •We will now 
“ touch it with a ^ass rod, but none of its electricity is car- 
ried away, for it will still be repclle;d by an excited stick of 
sealing wslx. If it be touched with resin, the same result will 
he observed : but if we hiring a piece of iron wire or an^ 
^otlier metal near it, all the electricity will be instantly lost. 


50 . 
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From these experiments it will evidently appear that glass 
and resin are non-conductors of electricity, and that the 
metals are conductors. Now apply this fact to the experi- 
ments first made. We may hold sealing wax in the hand 
and excite it \rith flannel, or glass with silk ; but if we take 
a metal it will be impossible to have any proof of excitation, 
for as quickly as the electricity is produced, it is carried 
away by the human body, which is a conducting substance. 
If we would determine the question, arc the metals electrics, 
we must attach them tH^bodies which are not conductors. 

rj|r ;)7. Take a cylinder of 

brass (3D, fig. 57* 

^ ' ■ n - mf' " ‘■F»T i 1 1 ! ■ fix it irito a glass 

handle A 1). Rub it 
with a black cat’s skin, and it will be soon electrified, and 
acquire the projicrty of attracting light substances. 

From the experiments which have been made, there can 
be no doubt that all substances may be electrified by friction 
The flannel with which sealing wax is rul>bed, is excited siS 
well as the wax ; two pieces of si'k cannot be drawn together 
through the fingers, without being electrified. IIow vast 
then must be the iilllaence of this agent in nature. If no 
two substances can be rubbed together without a disengage- 
ment of electricity, there must be a constant disti?rbaAce ^nd 
re-establishment of electric equilibrium, wliich may even in 
the present stage of our investigations be supposed to pro- 
duce many important natural phenomena. * 

ITiis immediately h'ads us to irquire if the electricity of 
substances is the same in all instances. Are there, it may be 
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asked, any points of difference i)etween the electricity of one 
su!)stance and another ? is there, for instance, any difference 
between the electricity produced by the friction of scaling 
wax, and that devclop(ul on the surface of glass. To deter- 
mine this question, we will take two pith balls, aitd susi)end- 
ing each by a silk thread, which is a non-conducting sub- 
stance, chargg one with the electricity of w'ax, and the other 
with the electricity of glass. Then bring the two balls near 
to each other, ainl it will be observetl ^lat an attraction ejcists 
between them, from which it may be^upposed that an elec- 
trified Ijody has an influence upon an excited substance, as 
well as upon one that is non-clectrified. Let us now take the 
two balls and excite both with the same electricity, whether 
it be that from glass or wax, and biing them near to each 
other : it will be observed that they repel each other. If 
these experiments be continued by ob8er\'ations upon the 
influence of other excited bodies, it will be discovered that 
there is always a repulsion between two bodies charged with 
the same electricity, and an attraction between those which 
are excited Ivith the electricity of silVne different bodies. We 
do not mean to say that if we take jwoiniscnously any twt) 
substances, and excite theih, there must necessarily be an 
attr£|Etive ])^wer between their electricities. Tliere are two 
^clas j| 2 s of bodies^ if we may be allowed the expression, in 
relation to electricity, ani any two excited substances of 
either class would repel each other, and an excited substance 
of one class will attract one of the other class. At the head 
of one series we have the resins, at the head of the othe^' 
A'itreous bodies, and hence we call one kind of electricity re- 



326 


EXPERIMENTS. 


sinous and the other vitreous, or according to the nomencla- 
ture of other authors, negative and positive. 

There are many interesting experiments which may he 
made with exceedingly simide apparatus to show the pre- 
sence of electricity, developed by friction, and the 'influence 
which it has upon itself. 

Suspend a feather to an insulated stand, fig 56, that is a 
stand made entirely, or in part of a non-conductor, so that 
the electricity communicated tc) any substance shall not be 
carried away to the Larth. Then take a piece of sealing 
wax, and after rubbing it briskly with llannel bring it near 
to the feather, which will be attracted by it, and so strongly 
that it may be easily carried over the stand. 

'Fhe presence of electricity may be always determined by 
the attraction of light bodies, or by the rc])ulKion wliich is 
produced, when these bodies become cliargcd with the same 
Fip. electricity as the excited substance. The in- 
struments used for this jiurposc, are cjdled 
electroscojics or electrometers. One invented 

I 

by Mr. Bennett, and called the gold leaf elec- 
trometer, is shewn in fig. 58. It is a glass 
vessel with a brass disk, to which is attached 
flattened wire with pieces of i^old^ leA or 
pith balls. If any excited body be broiftght into coiltactt^ 
with the brass cap, the gold leates or pith balls being simi- 
larly electrified will repel each other, and thus give evidence 
of the presence of electricity. 

A more detailed description of this important instrument 
will be given in another part of this chapter. , 


i 

> > 
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The principle of attraction, or repulsion, as resulting from 
electricity of the same, or of opposite names, may be illus- 
trated by the following experiment, which is a modification of 
one commonly known as the electrical bells. 

Fig, 59. Let B, fig. 59, be a hemisphere of 

metal, representing a bell w'itliout its 
clapper, and let (1 be a small metallic 
ball, and each of them be suspended to 
a rod by silk •threads, or some ©ther 
non-conducting 'Vubstance. Bring an 
excited roll of sealing wax, S, near to 
the clapper and it wiW be attracted 
to it, for it is a light unelectrificd body. It will then be 
charged ^vith electricity of the same kind as the wax, and 
will consequently be repelled. Being an excited body it will 
approach the unelectrified body B, and communicating its 
electricity will be repelled and remain suspended between 
the two electrified substances. 

TAe an excited glass rod G fig. 60, and sealing wax 
S W, and place them in sufrh situations that they may act 
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U})on the suspended ball B. Let us sup- 
pose it to»bc first attracted by the glass — 
after it has acquired a portion of its elec- 
tricity, it will be repelled, atfd as electricities 
of dififer^t kinds or names attract each 
other, it will then be drawn to the sealing 
wax, where it parts with the electricity first 
acquired ftnd receives that of the other kin^, 
which causes an attraction towards the 



<V28 THE ElfECTRlCAL MACHIXE. 

excited glass. Thus a constant oscillatory motion is pro- 
duced until the electricity of both substances is entirely 
cduried away, and the ball being no longer acted upon 
comes to rest. 


THE ELECTRICAL MACHINE. 

f 

The Electrical MachiEc is an instrument employed for the 
development of electrfAty, for the puri)OKe of accumulation. 
The celebrated Otto Guericke, burgomaster of Magdebuxg, 
invented the Electrical Machine, a« wtU as the air-pump. 
Having cast a globe of sulphur in a glass sphere ; he broke 
the glass, which was not then known to be an electric, and 
mounted the suljdmr on an axis. Sir Isaac Newton dis- 
covered the fact that glass is capable of e.xcitement by fric- 
tion, and Mr. Uawksbec used a glass globe in the construc- 
tion of an electrical machine. 

Professor Winkler of Leipzic, applied the cushion fo ex- 
cite the glass instead of the hanti. Gordon, a Scotch Bene- 
dictine monk, used a glass cylinder in place of a globe. 
Even at this time tlie mechanical contrivances by which fhe 
electrical machine was made to revolve, and thp condvj^tor 
was attached tb it, were exceedingly rud^. Almost eiry 
person who had occasion to u^e the instrument, adued 
some improvement, suggested by the inconvenience he felt. 
We are indebted to Dr, Ingenhouz for the plate machine, 
but since its introduction it has •been greatly improved by 
Cuthbertson, Woodward, and others. 'Phis machine is now ^ 
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very commonly used by electricians, and is generally pre- 
ferred, because a larger surface 5 s subject to the action of the 
rubbers in a given space of time, than in the cylindrical ma- 
chines. 

The .Plate Electrical Machine rej)rcscnted ^t the com- 
mencement of this chai)ter, consists of a glass disc, which is 
made of greater or less diameter, according to the puq)08e 
for which the machine is required. The plate is so fixed in 

cl wooden frame, as to revolve on Us axis by turning a handle 

» 

from which the motion is commui'\cated. To the top and 
i^ottefn of the frame a pair of rubbers is attached, and the 
plate must consequently suffer friction, as it has to revolve 
between them. To each rubber a piece of oiled silk is at- 
tached, so that when the electricity is excited upon the sur- 
face of the glass, it may not be conducted away by the air 
which impinges on the plate, but be carried to the con- 
ductors, which arc fiirmshed with points, for a reason we 
sliall presently have occasion to cx]>lain. Tlie conductors 
are made of metal, generally of brass, and from them the 
electricity may be conveyeAat pl^isure, either to be accumu- 
lated in a Leyden jar, or to act immediately on any sub- 
stance. 

An electrical machine then is nothing more than an in- 

^ % 

strument, so formed, that a large surface oJ^an electric may 
^ b^xposed to friction, and the electricity, thus developed be 
rJfeidily conveyed away. Tlie ])latc machine is allowed to be 
tbt; best, as it is convenient of carriage, even when of a large 
size, and presents a considerable surface. This instrumeiU, 
however, is constructed in Woiious ways, according to the 
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fancy of the instrument maker, or the purchaser ; of these 
we shall only mention one, proposed by Mr. Clarke, which 
seems to be a ^ood arrangement for small instniments. 

G G, fig. fil, is a glass jdate fixed between two uprights, 
(one of which, A, is shown in the diagram,) and made to re- 
volve by the handle 11. R is the ruliber enclosing a certain 
j)ortion of the plate, and B is a brass ball by which the rul)- 
ber is connected with the Earth. P are the points collect- 
ing.tl'ic electricity excited ^by the rubber, and brought over 
one-fourth of the plat-t by the oiled silk O. W is a wire 
connecting the })oints with the conductor C. S S are' glass 
rods supporting and insulating the conductor and rubber. 
The whole arrangement is sujiportcd on a wooden stand. 


Fit;. Cl. 



It has been found by experiment that the machihe has 
much greater energy when the rfabbers are covered with an 
amalgam. The amalgam commonly used, is formed of equal , 
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weights of tin and zinc, which when mixed by melting, are 
shaken in a wooden box, with twice their weight of mercury, 
till the compound is cold. When cold the amalgam is re- 
duced to powder in a mortar, and mixed with lard, so as to 
form a i)Q8te. • 

Dr. I'hoinson recommends the following proj)ortion.s — 

• Zinc . . . 8*5 ])arts 

Tin . . . 7“i5 
Mercury . . 37*5 • 

Such an amalgam, he says, is a[)\ to crystallize, but is 
easily made fit for use by pounding in a mortar. Tlie facts 
slated in the ]>revious remarks may be reduced to the follow- 
ing propositions. 

1. Every substance suflers electric excitement by friction, 
but the worst conductors are the best electrics. Thus glass 
and the resins, which scarcely conduct at all, are the most 
susce])tible of c.xciteincnt/ and the metals which are the best 
conductors are the worst electrics. 

2. Trhe electricity of bodies so diifers in character, that many 
persons have believed in the existeifce of two electricities ; one 
of which they call resinous, the either vitreous ; while others 
have considered substance^ to give off a positive, or a nega- 
tivi^ olectrijjity, according to circumstances ; a sup])osition 
sviMorted by ma:|fy curious experiments, and especially by the 
fw, tliat the kind of electricity obtained from any substance 
wl be regulated by the character of the body, by whicli it 
is rubted. It matters but little in the present stage of our 
investigations what theory we may adopt, nor indeed iswtt 

• our intention to enter into the curious inquiries by which 
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theorists have endeavoured to support their jieculiar views, 
wc will assume that there is an agent, and as many think a 
subtle fluid residing in a latent state as a com])onent part of 
all substances, and called electricity. Every body in nature 
must, therefore, have u])on this supposition one “State in 
which the electricity may he said to be in equilibrium. By 
friction, and by many other causes, the electric equilibrium 
may be disturbed, and the agent set free from its combina- 
tion, 'and by good conductors be carried away. This dis- 
turbed electric state o^ a body {*annot, however, continue, 
for there is a never-ceasing effort between all particles of 
matter to retain, and resU)re when disturbed, the electric 
equilibrium. 

The question, What is electricity ? has never been, and 
perhaps never will be satisfactorily answered. Some per- 
sons have imagined it a fluid, others have called it an imiion- 
derablc body, hut what idea is atU>ched to this designation 
we cannot possibly imagine. Professor Ritchie’s remarks 
on this subject are very cyrions: — The electric fluid* i)os- 
sesses one of the essential properties of ])oiiderable matter* 
When a body is put in motion it will communicate a portion 
of its motion to other matter, but not without losing a cor- 
responding quantity of its own motion. Hence agrccahU^^ to 
the ex])eriments of Mr. Faraday, when the electricity of 
wire is forced to induce electric iiiolarity on that helongiW 
to another wire, the momentum of the first suffers a con-rfs- 
]>onding reduction. Again, the motion of the electricity oi a 
\yire towards a state of polarity, u^l continue after the induc- 
ing cause has been removed, thus exhibiting in another point 
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of view, the same property of ponderable matter, viz. the 
inertia of matter, or in this case its tendency to continue in 
motion, after the iui]ml8e which first produced the motion 
has ceased. 

“ If these views be correc‘t, we have no right io^expect that 
liodies, at difFercnt temperatures, or differently electrified or 
magnetized, will have different weights, since in each of these 
states they contain exactly the same quantity of jionderable, 
im])roj)erly called imi)ondcrable mat4.er. • 

“ It is a well known fact that we rt^eive a more powerful 
sly)ck ^'hen electricity is being induced on the body, than 
when the induced electricity is returning to its natural state 
'rius is what might be expected from considering the energy 
and quantity of the exciting agents employed, these being 
either a ])owerfijl voltaic battery, or the immense quantity of 
electricity ])iit in rapid inotion in a large mass of soft iron.*^ 

Having now introduced the science of ordinary electricity, 
and explained the construction of the machine by wdiich the 
electric fluid may be set free, in state fit for experiment, 
the facts which have been astertain/'d concerning its trans- 
ference, accumulation, and independent action upon matter, 
majr be considered. • * 


CONDUCTION^ OF ELECTRICITY. 


requires no argument, nor any experiments in addition 
to those already mentioned,* to 3 )rovc that some substance 
transmit electricity more readily than others. Hut it is not an 
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easy task to determine the relative conducting power of 
substances ; for those which, in their ordinary combination 
with other elementary ])rinciples, are most permeable to 
the electric fluid, may effectually resist its progress, when in 
an uncomblned and pure state. There is an order in which 
all bodies might be arranged, beginning witli the substance 
most permeable to the electric fluid, and terminating with 
that which evinces least of this power ; but to draw a line 
of demarcation, or to say, this series comprises the conduct- 
ing, and this the non- conducting bodies, is perfectly im}K>s- 
sil)le. Time is recpiired for the transmission of ehctrical 
influence from one substance to another ; — in some instances 
the duration may be measured, in others it cannot. If a 
bunch of metallic threads be connected with the conductor 
of a inacbine, they will transmit the electricity so readily that 
a quadrant-electrometer, in contact with the conductor would 
not give evidence of tlie presence of electricity. But if glass 
threads be ])laced under the same circujiistanrcs, they will 
gradually exhibit the repulsion which always exists boj^ween 
bodies similarly electrified, aiubif a sudden communication 
be formed with the ground, they will as slowly collapse. 
Hence then it would apjicar that i^ome bodies have a condMct- 
ing ])ower, inferior to others, and ^onserpicntly require a 
longer ]Kriod Vor the production of any eftect. Many^lcni’- 
tricians have, we believe, considered the jihenomenfm of 
trical conduction, as though it developed some pcculiaritwor 
election in the fluid itself, rather than a particular stat J of 
♦he body which receives the electrical influence. ‘‘Tlie 
only difference ” (between conductors and non-conductors,) 
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says Professor Leslie, consists in the celerity with which 
the effect is produced, and were conductors properly classed, 
it would be found, in the descending range, that the velocity 
of transmission diminishes by insensible shades.” We can- 
not, however, altogether coincide with this view;^ of electrical 
conduction ; for the celerity with which substances transmit 
the iluid is not the only difference between conductors and 
iioii-coriductors, there are some substances which cannot 
be made to give a passage to electricity through any ^ponsi- 
derable length, there is in fact a liwt to their conducting 
})owe«. 

In the second volume of Tilloch’s Magazine, (1798,) an 
experiment is described by Mr. W. Wood, which, he thinks, 
|)roves the [icnneability of glass to the electricity of the com- 
mon machine. He placed one of Cavallo’s atmospherical 
electrometers upon a glass jwdestal, and covered it with a 
thick glass receiver, so kirge, that there was a space of two 
inches between its sides, and the electrometer. A charged 
jar ^||{as then brought near the apparatus, ^md the balls in- 
stantly diverged. When tfce receiver was touched with the 
knob of the jar, the distance between the halls was doubled, 
hut they collapsed as soon^as the, jar ^as removed. 

We are at a loss to know how this experiment can be con- 
si( ifred as a proof of the permeability of glass to electricity. 

/f there had h^en a tr^sinission of electricity, the pith 
iMlls would have been permanently diverged as in the com- 
ii|)n gold leaf electroscope. Tl'he effect is evidently to be 
traced to induction. TNs experiment might be repeated. 
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and when the effects are registered, the influence of a stream 
of electricity from a point should be ascertained. 

The magnitude of the conductor should also he carefully 
observed, for according to Professor Cummings’ experi- 
ments, this ^has a great influence on the rate of ti;ansmis- 
sion. 

Many attcmj)ts have been made to ascertain the distanct* 
to which electricity may be conveyed by good conductors, 
and tbc time required ia transmission, llie accumulated 
electricity of a Leyden i)attery was once mad(^ to traverse a 
wire four miles in length ; and an electric shock froiri'a jai* 
was at another time ]uissed through one hundred and eighty 
of the French guards by the Abbe Nollet in the presence of 
the King. At the Carthusian convent, in Paris, the monks 
were formed into a line, which was more than a mile in 
length, each i)erson being separated from his neighbour by 
an iron wire ; but dl the persons included in the circuit ap- 
])eared to feel the shock at the same moment. From these 
and many similar exj)eriiiientK, it is evident, that the paasage 
of electricity through good conductors is almost instantane- 
ous, < nd that it may be transmitted to any distance, provided 
the conductor itself be sufficiently large to give the fluid ftn 
easy passage. ^ ^ 

Mr. Talbot proposed some time since the following iney 
thod of determining whether any appreciable time is requir 
in the passage of electricity through a conductor Let t| 
greatest length of wire,” he says, “that can be procured fe 
disposed so, that the two extremitias are brought very nearly 
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together. Let one end of the wire receive the spark from 
the machine, and the other end give it out cagain to any body 
which communicates with the earth. If the flashes of elec- 
tric light on entering the wire, and leaving it after traversing 
its whole length, appear simultaneous to the eye, take a 
mirror mounted on a revolving axis, and place it in such a 
}>osition that the mirror being at rest, the images of the two 
Sparks may cftincide or superpoisc one another. Uliis being 
effected let the observation be made through a fixed ^pbe, 
placing the combined image exactly injthc centre of the tube ; 
then ij the mirror be made to revolve w'ith great speed, if 
any separation of the combined sparks into two take place, 
it will be a proof of the existence of an intcrvfil of time be- 
tween them.’' 


Fig. 6*2. 





Wc have been accustomed 
to exhibit tlie instantaneous 
transmission of electricity by 
the momentary effect of the 
light which is ])rodiiced when 
*it paLses froni one substance 
to another, through an indif- 
^ ferent conductor. 

In fig. 02, is represented an 
instrument admirably adapted 
for the exhibition of this phe- 
nomenon. tt? is a wheel turned 
by the handle h; this is con- 
nected by a cord with a mul- 
J tiplying wheel wi. To the muf- 
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tiplying wheel, but on the opposite side of the upright, is 
attached a circular board on which the Newtonian colours 
are piunted. llie rapid rotation it receives from its con- 
nection with the multiplying wheel causes the colours to 
blend, and the surface consequently apjiears white. But 
if during the rotation a small jiu* be discharged before it, or 
a spark be produced in any other way, the whole series of 
colours may be for an instant observed. 

It is not easy to explain Avhy some bodies liave the power 
of conducting electricity, and others resist its progress, nor 
is it our intention to describe the numerous theories. which 
have been proi)oscd to account for the fact. But it may nol 
lie improper to allude very briefly to one hypothesis by wliicli 
it may be accounted for. livciy substance has its oum natural 
quantity of electricity, which it retains with a ccrUiin tenacity, 
and may, therefore, be considered as resisting the entrance 
of the fluid that seeks a passage through it, or over its sur- 
face. Accumulated electrieity must, therefore, have, even 
under the most favourable circumstances, a force to^ over- 
come, before it can obtain a passage through the body with 
which it is brought in contact. Now it is j)ossible that some 
substances may havt a much more jiowcrful attraction, for 
their natural electricity than others, and if this be the case, 
the attraction jof some may be suflicient to resist the ?iiflu- 
ence of an external agent, and the force of^ cohesion be 
come, rather than the fixed association of the matter witWits 
electricity. 

This hypothesis may be illus^-ratcd by one exjieriment. 
Lharge tlie (*onductor of an electrical machine, and bring 
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towards it, at what is technically called a striking distance, 
a brass knob, or any other conducting body, and the fluid 
will escape attended by a snap and a vi^dd spark. But in 
])assing through the conductor of the machine, or the ball 
and the body of the person who holds it, no sugh })heno- 
mena are observed. What, it may be asked, is the cause of 
this difTerence. llie electricity cannot pass from the prime 
conductor to any body beyond it without traversing a stratum 
of air, which is more or less a bad <;^>nductor, accoriling to 
the quantity of aqueous vapour it may contain. Now the 
iiir^ by the terms of the theory, holds its natural electricity 
with great tenacity, and offers considerable resistance to the 
passage of the extraneous fluid, and this resistance upon 
j»rinciples to be hereafter explained, is said to be sufficient to 
account for the production of luminous ap])earances. 


The*experiment just mentioned leads us at once to s]»eak 
of the influence of points in •the conduction of electricity. 
When a brass ball is brought near to the cliargcd conductor 
of a» inacdiinc, the elcctrici^’’ ])asscs ffom one to the other 
attended by a sudden snap, and the evolution of liglit, but 
if a mre of the same metal terminating in a poml, be brought 
i’l ^;^-he same situation, neitjier of these effects is produced, 
thel^lectric fluid is conducted quietly away, and the only 
evul&nce of the transmission is, tliat if the exjieriment be 
performed in a dark room, » small brush of feeble light 
he observed at the point. 

z 2 
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It will now be easy to explain why the metallic rods at- 
tached to buildings^ for the purpose of defending them from 
the effects of lightning are always made to terminate in 
points. Franklin was the first philosopher who ascertained 
that lightning was an effect of atmospheric electricity, an 
agent which, according to our present information, differs 
in no particular from that obtained by friction. Having 
made this important discover)' by raising a kite into the air, 
so constructed, as to draw the electricity of the clouds to the 
earth ; he ai)plied h^s <liscovery to the construction of a 
lightning conductor by which the presence of atmospherical 
electricity may be detected, and buildings defended from its 
destructive effects. From facts already mentioned, it will be 
evident that in the construction of a lightning conductor, 
there must be no interruption to the j)assage of the electri- 
city, — or in other words, the metallic rod must pass through 
the building it is intended to protect, and enter the ground 
to some de])th. If the continuity of the rod be any where 
broken, the most serious results will occur when electri- 
city attcmi)ts to pass through ^t. The fluid losing its con- 
ducting substance must fly to that body which offers it 
the most ready transit, and if its progress should h^ re- 
sisted, will tear it asunder. There are many jiretty expe- 
riments by which the influence of })oints may be exlSbitj||:l, 
and especially those in which motion is obtained. So^' 
these wc may mention. 

Let two thin wires a c, h b, fig. 63, be fixed at right angles 
to each other in a central cap, and let all the four arms 
^^ {erminate in points bent in the same direction. Place this 
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Fig. 63. arrangement U]>on a stand, tlie lower 

part being formed of glass for insula- 
tion and the upper of metal terminating 
in a point on which the cross wires art 
to rotate. (Connect the appa?atus with 
the conductor of an electrical machine, 
• and the wires will of course receive the 
t' ^ free electricity ; but as they terminate in 

points, the fluid* will pass from them as 
readily as it is received. Tlie current which is given oflTby 
eafli ])oinl meets, however, w^th the resistance of the air, and 

Fig. 64. 
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a reaction is consequently produced, driving the whole 
arrangement in a direction opposite to that of the electric 
current. This effect may he exhibited in a much more im- 
posing manner by the apparatus shown in fig. 64. 

Tlie same principle is exhibited in the electrical inclined 
plane. I'wo >vires are stretched at a gentle inclination be- 
tween four horizontal glass pillars. Ui^on thesp rests another 
wire having balls at its extremities, and carrjdng in its centre 
and at right angles to itself, two cross wires terminating in 
points. When the iryftrument is connected with the charged 
conductor, the electricity esca])es from the points, causing 
the cross wires to roll ii]> the plane, overcoming the force of 
gravity. 


niSTllIBUTION. 

But it may be here ashed : In what manner is the free 
electricity developed by friction distributed ? Docs the elec- 
tricity obtained from aqy substance depend on its nfass, or 
merely on the amount of surface ? 

It is well known to every one who has been accustomed to 
make experiments with the electrical machine, that a hollow 
cylinder is capable of receiring and di veloping^ as lan^re an 
amount of the Ihiid as a solid of the same size. For 
reason the conductor of the mauhine is always made hoWw. 
By mathematical investigations. Coulomb, Poisson, find 
Ivory, have ascertained the same fact, so that on tUis qpes- 
^♦ion experiment and analysis &gree. We may therefore 
conclude that the free electricity is not developed throughout 
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life substance of a charged body, and another question now 
arises ; — Is it only on the surface ? 

Tlie early electricians were not inattentive to this enquiry. 
'IV) determine the question, Watson covered the surface of a 
metallic rod with a thin coating of wax, and fowd that its 
c onducting power was not injured ; from which he concludes 
that the electricity is not developed on the surface of bodies. 
M. Ic Monnier made some experiments for the same pur- 
pose about the same time. He prtA'ed that bodies of equal 
size and form, one being solid, and t\e other the thinnest 
pDssible shell of the same material, could receive the same 
charge, and therefore concludes that, if the electricity be not 
developed on the surface, it must be so near that we may 
speak of it as residing on the surface of bodies. 

Coulomb investigated tins suiyect with great care, and 
proved the truth of M. le Monnier’s opinions, lie took an 
elliptical metallic ])0(ly, and cutr in it small aj)ertnres or ])its, 
some of them half an inch deep, others not more than one- 
tentlfof an inch. When the body \vas electrified, he intro- 
duced a small instrument wliich»lie ctdls a proof plane to 
the bottom of these pits, testing the electricity by a torsion 
electrometer. The proof plane consists of a small disc of 
go] rji^papeiE fastened to a thin cylinder of gum lac. When 
»hc.disc is introi^ccd into the pit, it will of course abstract 
itcAjlectricity, the presencc»of which will be shown by bring- 
iriV it to the electrometer, llie experiments that were made 
b]P Coulomb with this instrument decisively proved that 
electricity was only distriftiited over the surface of bodyis* 
•for the pits were not in an electrified state. 
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Biot has invented two very interesting experiments to 
illustrate this fact. Ha^dng provided himself with a sphe- 
roid of some conducting substance, he susj)ended it by a 
thread, so as to perfectly insulate it. Over this body were 
fitted two ipicces of gold i)ai)er or tin foil, with irisiilating 
handles of gum lac, both being movable, and yet made to fit 
accurately. The ball was then electrified, and afterwards the 
caps were carefully applied. ^Ilpon their removal it was 
found that the whole of'-the electricity had been abstracted 
from the spheriod, sQ^that it could not afiTect the most deli- 
cate electrometer, while the two caps were proved to imjsscSk 
the same quantity of electricity as had been first coramuni* 
rated to the spheriod itself. 

The same fact is jirovcd by another experiment,— a lif^ht 
tin cylinder was supported horizontally on glass legs, for in- 
sulation, and so fixed as to he easily moved round hy a 
handle at one end. To the opposite end two ]>ith halls were 
attached, opening when the cylinder was electrified, and col- 
lapsing as the fluid was disi^ipated. Round the centre of tlie 
cylinder a piece of tin foilrwas fixed with a flap which could 
he wound round at pleasure. When the tin foil was coiled on 
the cylinder, and the instrument 1‘harged with electricity the 
pith balls opened, but as it unwound itself, thi ballsqpol*^ 
lapsed. The cause of this was evidently the distributio^ 
the electricity on a larger surfact;— that presented by' 
flap of tin foil. 
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DISSIPATION. 

When a substance is charged v^ith electricity, however 
highly it may be excited, the restoration of equilibrium is 
soon effected — ^this process is called Dissipatioi^* Tims, if 
we charge two })ith balls with the same electricity, taking 
care to ensuy: a perfect insulation, they will diverge, but in 
a few moments they, without the application of any con- 
ducting body, begin to collajise, and the electricity vdll be 
entirely lost. 

• To^scertain the various causes which may produce the 
clissijiation of electricity is of the greatest importance, as giv- 
ing an oi)i)ortunity of avoiding, or correcting the sources of 
many failures in our electrical experiments. The electrical 
ecpiilibrium of a body is verj-^ readily disturbed, but it is as 
quickly restored, an effect that may be attributed to one or 
all of the four following causes : first, the imperfect insulat- 
ing power of the best non-conductors ; secondly, the depo ■ 
sitioff of moisture on the insulatiijg body ; thirdly, the con- 
tact of successive panicles Of air v and lastly, the existence 
of points on the surface of the excited substance. 

The difference between* the conducting powers of sub- 
stai^es hai| reference, as we have already ex}>lained, to time ; 
here are some Mfhich give it an instantaneous passage, and 
i^Aers require a greater cy less duration. No substance is 
su perfectly impenncahle to the electric ffuid, but it may after 
tlib laf>se of time exercise the power of conduction. The dis- 
sipation under ordinary ^fcircurastances is, however, toj^e 
• much more attributed to the deposition of moisture on the 
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iiiBulatinpr body. Tl\e vapour of the atmosphere is con- 
densed, and forminf? a thin coating on the insulating surface 
gives a very ready conduction to the electric fluid. Nearty 
all the failures to which electricians are subject in public 
theatres, msy be traced to this cause, and there is no means 
of entirely preventing it, although a coating of gum is found 
to lie of some service. Ihe difliculty of making, a successful 
series of ex];>erimeiits before a large audience may be imagined 
from«the ajipearance fre^^ucntly presented on the glass of 
windows by the coinjensation of the vaj)our uj)on them, 
llie same process is of course effected on all the vitreous 
Dodies used for insulation in electrical apjiaratiis. 

The continued contact of paiticles of air, must also be a 
means of discharging tlie electricity of excited bodies. It is 
one of the first princijdes of the science that an excited sub- 
stance attracts to itself all the light unelectrified bodies around 
it, and that it communicates to thorn the same state of elec- 
tricity, by which repulsion is occasioned, 'ihis effect must 
be produced upon the jiarjiclcs of air, which are sevfelrally 
attracted to the excited electric 6r conductor, and after re- 
ceiving the charge are repelled, giving room for the contact 
of other particles. Tlic atmosphere may, therefore, be pro- 
perly called a slow, hut constant dischai ger of eV'ctriciJi^. 

ITie great readiness with which electricity is carried aw^iy^^ 
by points, is proved by the ex]>ei'iments already descrih! 

If such points should exist u})oii any substance, it will Be 
impossible to give it a permanent charge ; or if they *5hoiild 
be^few in comparison to the size di the body, the charge will 
be small and soon expended. In this way dust prevents the 
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accumulation of electricity. Every one who is accustomed 
to perform elec*trical experiments, must know that dust is 
not less active than moisture in preventing the action of his 
ai)paratus. 

These few practical obser\'’ations on the eausfis of dissipa- 
tion, will it is hoped be of some use to the young electrician, 
as warning^ him of those causes most likely to derange his 
experiments, and prevent the results he would otherwise 
obtain. 


INDUCTION AND AtTUMl’ LATJ ON. 

Hitherto we have considered the electrical states of bodies, 
as affected by only two causes, excitement and conduction, 
but there is another class of phenomena arising from an 
agency called induction. This is a suljiject of the greatest 
iinj)orf.ance ; one which must be thoroughly understood be- 
fore it will be j)ossible to investigate many of the most in- 
tcriftting branches of electrical sfience. 

When a substance is chc'irged with electricity, or has its 
electrical condition disturbed, it will ju’oducc an opposite 
electrical state in that ffbrtion of a body which is brought 
ne^ it, s(i])posing there is no positive contact, llius if we 
M)ring a positivji'ly electrified substance near to one in its 
M^tural state, that surface which is nearest to the excited 
Tody, will be negatively electrified, and of course that most 
listafht will be in an opposite condition, that is, in the same 
state as the electric. This fact may be proved in the fo^w- 
« ing manner. 
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Let B, fig. 65, be any substance charged with positive 
electricity, a metallic globe for instance properly insulated^ 
and N P a metallic cylinder (supported on a glass rod,), to 
which j)ith balls are suspended, and by their action evidence 
is given of tie electrified state. As soon as the cylinder is 
brought near the excited globe, the jiitb balls will diverge, 
the divergence decreasing from the two extrem^ies towards 
the centre. By testing the electricity of the balls, it will be 
discovered that those ncanest the excited body are negative, 
and those most distant .positive. 


Fic. 



To ])rove tliat the effect is altogether indc])endent of con- 
duction, a non-conducting substance may be broiiglit bct\i een 
the excited globe and thq cylinder, and the same ])heno- 
inena will be developed. Let the conductor of an electrical 
machine be excited, and the met&rllic cylinder with its pith 
ball electroscopes be ])laced near it, the divergence alrejj^dy 
spoken of will be produced. If a ])late of glass be now in-^ 

I 

troduced between the electric and t^e cylinder, no alteratid 
in the state of the pith balls will be perceptible. 

We may also show by experiment the influence of induce 
elecjtricity upon an excited body.r Take a metallic globe, 
which is furnished with electroscopes on its opposite sur- 
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faces> insulate and charge it. Tlie electricity will of course 
he equally distributed over the whole surface^ and the elec- 
troscopes will diverge equally. But bring near to it a con- 
ducting body, and the balls most distant from that body will 
begin to collapse, while those nearest to it will^diverge still 
more, thus showing experimentally that the electricity suffers 
change by the ajiproximation of the conducting body. In 
this, and in all other experiments Iiefore mentioned, there has 
been no j)Ositive transfer ; as wijl be evident by removing 
the charged body, which will instantly cause the balls to 
presAtit the same a])pearance as they had before it was 
lirought into proximity with the conductor. * 

llie most important ajiplication of the princij)lc of indue- 
tion is in the accumulation of electricity, a subject to which 
we must now direct tlie attention of the reader. 

Let two metallic discs be placed one above the other, and 
sejiarated by some non-cp rid acting substance, as a stratum of 
air, or a glass plate. IjcI the upper j)late be connected with the 
prime conductor of the machine, and the lower be insulated by 
being placed on a stool with gla^s legs. C/harge the plate 
that is in contact with the conductor of the machine. On the 
piinciplc of induction tin? electricity contained in the lower 
plate will be rejielled by that communicated to the upper, 
^ ariff will quit tlm higher surface, and take to the lower. But 
^^Ww establish a* connection between the lower plate and the 
J-round, and all the accumulated fluid in the lower surface of 
mie plate will be conducted away, and the whole plate become 
negative. A larger quan^ty of electricity is now collected by 
the upiwr plate, as may be proved by placing a qualCant 
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electrometer on the prime conductor, for as soon as the lower 
plate is made to communicate with the ground l>y means of 
the wire, it falls, showing that the electricity of the prime 
conductor is decreased, llie electrifying machine being put 
into action, Jhc electrometer is again raised. Hence .then it 
will appear that electricity may be accumulated by induc- 
tion. 

* 

Electricity may be more conveniently collected by using 
a glass plate, coated on egch side with tinfoil ; but in per- 
forming this e.viieriineut it is necessary to leave a margin 
of the glass uncovere<l, so as to jirex ent any transfer rtf thv 
fiuid from one side to the other, 'i’hc principle of action in 
this experiment is the same as that already described. One 
surface is connected with the earth, the other is brought 
near to an excited body from which it receives its changed 
electric state. 

But although we may very easily exhibit all the pheno- 
mena of induction by a jdate ])artly covered on both sides 
w'ith tin foil, a jar or cylinder is a still more convenient form 
and especially when it is n/?ccssaiy to accumulate the electri- 
city in large (jiiantitics, or to have tlic same agent in a state 
of great intensity. A glass vessehthus j)rcpared is calleth a 
Leyden jar, because first used by Kleish and othepf, who re- 
sided at Jjeydcn. As commonly constructed, it consists of a 
glass jar coated on its cxterif)r and,, interior surfaces, a suffu 
cient space at the ujjper p?irt or lij) being left to preventjl: 
s})ontaneous discharge, which might happen, if the surfacjjs 
were not sci)arated by a sufficient interval . The charge ol 
electricity is conveyed to the interior by means of a brass 
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rod, to one end of which is affixed a chain touching tlie in- 
terior coating, and to the other a metallic ball. The outer 
coating is made to communicate with the ground, for with- 
out this ])rccaution the jar could not be charged, as may be 
proved by connecting the jar, when ]>laccd on an insulating 
stand, with an excited conductor. Ilut when tlic jar is thus 
insulated, ])ring the knuckle to the exterior coating, the in- 
terior being m coiin(?ctioii with the machine, and a succes- 
sion of sparks will be obtained in J,he same manner be- 
tween the ball of the interior coating* and the conductor of 
the irgichine. 

But if instead of touching the exterior coating, we bring* 
the knob of a second jar into contact with it, the exterior of 
the second jar being connected with the ground, then the 
interior coating of the second will be cliarged with that 
driven ofl’froiri the exterior coating of the first. In this way 
any number of jars may he charged, if llicy be only insu- 
latcd ; the exterior coating of the last jar having a coiumuni- 
catiojf with the ground. This conun unicatiou wth the 
ground may also be made, by hohliiig the jar in the hand, 
for the human body is a conductor. 

'fo discharge a jar, or itj other words to restore electric 
equilibrium, it is only nccessaiy to unite the two unequally 
^JeilRfied surfaces. For the jiurpose of making this commu- 
Iddcation betwecn'tbe two surfac’cs of any body, that has its 
cp.ctric condition di.sturhcd, an instrument, called the dis- 
cl^irgijig rod, fig. CG, is generally used. It consists of a bent 
wu-e fixed in a glass handl^, like a ]>air of compasses, each 
end l>cing furnished with a brass knob. When one knolTis 
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made to communicate with one side of an electrified body, 
and the other with tlie opposite side, the j)ositive electricity 
rushes towards the negative and re-establishes the equili- 
brium. 


Fig. C(i. 



Tlve following facts and cx])eriments will still further illus- 
irate the principle and .action of the Ijeydcn jar. 

1 . The exterior and interior coatings arc oppositely elec- 
trified ; if the interior be positive, the 
exterior must be negative, and the re- 
verse. 'riiis fact is obvious, from the 
remarks that have already been made 
upon the principle of accumulation 
by induction. But to prove the fact 
by experiment, attach to the outside 
coating of a I^yden jar, fig. C7, ^ me- 
tallic band and a vertical wire, rising 
to the height of the wire that passes 

into the interior, and furnish thc/^nd with a knob. If thc^jar 
he now charged, and insulated, a ])ith ball or bird, brought 
between the two knobs, will begin a vibratory motion, 
alternately attracted by each, until the jat is entirely di 
charged. 

2. llie charge communicated to a jar will greatly depe^ 
uix)n its thickness, for the induction decreases as the dn 
tance between the two bodies or surfaces increases. Hence 
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it is that a thick jar will never receive so good a charge as a 
thin one. 

3 . Tlie presence of the coatings is not absolutely neces- 
sary for the charge or discharge of the surfaces. Let us for 
instance charge a jar with moveable coatings, — remove the 
coatings, and the jar may be gradually discharged by succes- 
sively forming^ the contact between the surfaces; but as there 
is no common medium for the simultaneous transference of 
the electricity of the different ])arts erf the surfaces, it cannot 
be discharged at once. I'hat the coating acts in no other 
inanneT than as a conductor, may be readily proved by 
cliarging a jar with one pair of moveable coatings, and then * 
removing them and substituting others. If the two surfaces 
be connected by a discharging rod when this has been done, 
it will be found that the glass retained the fluid, when 
the coating was removed, and that but little of the charge 
was lost by the ex])eriment» 

But a jar may also be charged without coatings. Holding 
it hy iis exterior surface, pass the interior before a ball con- 
nected with the prime conductor /rf the machine, so that 
every part may be in a situation to receive the fluid. 'J’hen 
apply the coatings, and the jnr may be tlischarged. 

In the us^of the Leyden jar great care must be taken to 
, a,yoi(fa spontaneous discharge. There are two things which 
ri-^l^der this not only possibly* but probable. 

We have stated that a thin jar is capable of receiving a 
i)et||L?r (4iarge than a thick one. But there is a limit to this 
imle, for no substance is so^ad a conductor of electricity ^s 
to be incapable of transmitting it for a short distance. It 
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does sometimes happen that a jar receives a higher charge 
than it can bear^ and the electricity forces for itself a passage 
through the substance of the glass. 

When the charge is great the electricity may pass round 
the edgey of the glass^ from one coating to tjie other, 
the liability to which is increased by the deposition of mois- 
ture on the jar, which establishes a ready conduction. 
ITie latter must be carefully avoided, and it will be best done 
by covering the uncoated ])art of the glass with a layer of 
sealing wax or resinous varnish. 

By uniting a number of jars electricity may be atcumu- 
latcd with an intensity proportionate to the number of ves- 
sels and the square feet in each jar. Such a series is called an 
electrical battery. To form a battery it is only necessary to 
establish a communication by metal rods between the interim 
coatings^ and to connect the exterior by placing them in a 
box, the bottom of which is cohered with tin-foil or some 
other conductor. With such an apparatus we possess the 
power of accumulating a, most destructive agent, and great 
care is therefore required in its use. 


MR. HARRIS’S LBYnjN JAR. ^ 

£ 

Mr. Snow Harris introduced modification ofthe Jjey^n 
jar, which he considers very preferable to any other kind. 
A glass jar, a 5, fig. G8, has in this, as in all othercast^s, ^oth 
the exterior and interior surfaces, covered with tin foil 
to a certain height, llie jar is made without a cover, and 
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tlic charge is communicated to the interior by a copper 
Fip. 60. tube fgh to the upper end of 

which a hall of baked wood f 
is attached. At the bottom of 
the glass is fixed a coAvenient 
foot covered with paj)er, and 
through this the rod is passed and 
brought into contact with the tin 
foil, 'rhe f(R)t is intended to kefep 
the tube in its ])lace. 

“ lliese jars,” says Mr. Harris, 
‘‘ when employed either separately 
or collectively, arc placed on a 
conducting base, sustained by 
short columns of glass, or some 
other insulating substance, so that 
the whole can be insulated when retjuired ; and, for the 
j>nr])ose of allowing them to be charged and discharged 
with prmsion ; they are connected with what may be con- 
•^id(?red as two centres of action. •• 

The first of these consists of a brass ball a, fig. 69, which 
slides^vith friction on a metajfiic rod eft, so as to admit of 
its bci^ adjmtcd to any required altitude. It has a Aumber 
rd ^jinjul holes drilleil in its circumference, for receiving the 
j>oii ts of the connecting rock? of the jars. The rod which 
^sustains this ball, is either insulated on a separate foot, and 
with the conductor of the machine, or is otherwise 
inserted directly into it. I’lie second centre consists of a 
large ball of metal, attached to a firm foot, and placed on 

A a 2 
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the same conducting base as the jars, so as to have perfect 
connexion with it.” 


Fig. 69. 
Oc 

0 

0 



In a paper recently read before the Elec- 
trical Society, Mr. Sturgeon explains the 
manner in which he has been lor a long 
time, accustomed to coat his jars. In dis- 
charging jars fully electrificjl, accidents fre- 
quently ha])pen and the glass is cracked. 
The ''trouble and expense resulting from 
this induced him to make a few experiments 
to determine the cause, and if possibl!; to 
])rovidc a remedy. He soon found that 
the cracks were generally produced on or 
near the edge of the tin foil. But without 
tracing the experimental course he adopted, 
it may be sufficient to state that small 
pieces or bands of tin foil, carried from 
the edge of the inner coating to the cover, 
which is on the inner surface lined ^th the 


same metal, has been found sufficient to prevent the mischief. 


From this statement, therefore, it would appear that if the 
whole of the interior of a jar bfc coated, a sufficient stfiking 


distance between the positive and negative ^urfacq^ being 
preserved, the glass will be less likely to break from the 
denness of the discharge, than when constructed in the usual 


way. 
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We shall now close our remarks on the induction and 
accumulation of electricity by a short account of the elec- 
tropliorus, one of the most ingenious and useful^lectrical 
Fig. 70. instruments ever invented. H, fig. 70, is 
[ II ^ handle fastened to a metallic plate 
\ f A, which is called the cover. It is a metallic 

dish, into which isjfoured, when in alicftiid 
state, a compound, consisting of equal parts 
of shelhlac, resin, and Venice turpentine. 
To put the instrument in action rub the 
lower or resinous plate, with a piece of dry fur or cat’s 
skin, and it will be electrified negatively. Now bring the 
other plate upon it, and when in that position touch the 
upper surface with the finger. If the metallic j)late be then 
removed, and a brass ball or the hand of the experimenter 
be brought near it, a spark will be observed. When the me- 
tallic plate is again brought to thciTesin and touched in the 
same manner, a similar eiffect will ba produced, and tliis may 
be rc])eated many times. Hence then it must appear that 
the t^ect is not j)roduced by conduction, for if it were the 
electrmity the resinous substance would be soon ex- 
li-msted, and as tlie ujiper plate must be connected with the 
ground, either by the fing^ir or otherwise, it must appear 
probable that some effect is produced on the metal by prox- 
imi|j» Uf the excited body. This is really the case, the effect 
may be accounted for on thetirinciples of induction, explain^4 
^ the first j)art of this section. 
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There are few instruments more generally useful than the 
Electro])horus. It will continue in a state of excitement 
for months, and even years, and if in an unexcited state may 
be soon put in action. To the chemist it is invaluable, as 
affording a ready means of detonating gases, and performing 
other experiments. It may also sometimes supply the place 
of an electrical machine, for with it Leydpn jars may be 
charged, and nearly all the ordinary experiments are conse- 
qutntly under the control of a person who has only an elec- 
trophorus as a source of electricity. 

The sketch we have given of the principles of elecfricaLin- 
duction, and of the method by which the fluid may be accu- 
mulated, will, it is hoped, be sufficient to direct the student 
in his investigations. Our aim has not been to introduce, 
new enquiries, but, to explain those which are known to 
electricians, and universally acknowledged as the elements 
of this important branch of philosophical knowledge. 


ELECTROSCOPES AND ELECTROMETERS. 


We must now ])roceed to th(^ explanation of some df the 
most important instruments employed by electijcians for de- 
tecting the presence, ascertaining the chaiacter, and measu^ 
ing the intensity of ordinary eleictricity. Tliose instruments 
which merely indicate the presence of electricity, and offer 
an opportunity of detecting its character, are called* ele^ro- 
^opes, those which measure it^ intensity are called electro- 
meters. 
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'Fhe moBt simple kind of electrometer is that in which two 
pith balls are suspended from silk threads, or any other non- 
conducting substance. When these balls are charged with 
electricity, they repel each other, giving evidence of the 
change of state. They also enable us to determine the na- 
ture of the electricity, for by bringing an e.Ycited stick of 
resin or glass near to them when charged, they will be 
rej)elled or attracted according to their state. 


• CAVALLO'S ELECTROSCOPES. • ^ 

Mr. Cavallo constructed an instrument of this kind in a 
very portable manner. Two i>ith balls attached to silk 
threads were fixed in a cork, or a piece of dry wood, fitting 
a tube open at one end. When the instrument was not in 
use, the electroscope was placed in the tube, and thus de- 
fended from in jury ; when required for experiment, the wood 
or cofk was placed in the open eiJd of the tube, which was, 
in fact, a convenient handle. *• 

I'herc are various modifications of this instrument, which 
may be constructed so as to suit the fancy of either the in- 
struy]ieut-R%aker or the purchaser. To describe these varie- 
ties is not necess^, but it may be mentioned that Cavallo 
era])loyed the pith balls iA a manner different from that 
alreadv described for the purpose of detecting the electrical 
co|idition of atmospheres. We have recently had occasion 
to use the instrument, and as it is one easily made ^nd 
^mploye^ by every reader, it may be desirable to explain 
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its construction. To a lar^e cork ball a pair of small pith 
balls are suspended by a very fine silk thread. The cork 
ball is attacked to one end of a glass tube, and the other end 
of the tube is so fitted to a wooden rod coated with sealing 
wax, as tfj be removed at pleasure for the convenience of 
transit. A fine metallic thread is also attached to the cork 
ball, which gives the instrument the appearjpnce of a fish- 
ing rod ; this thread however is not fixed to the cork, 
but ^he end is pushed •'into it, and may be drawn away at 
pleasure. T\ie object of the instniment is to detect the elec- 
trical state of any atmosphere, — for instance, the atmosphere 
of a crowded room. The wire being fixed in the cork ball 
the electroscope is introduced from an adjoining apartment. 
So long as the metallic string is held in the hand, the balls 
cannot receive any permanent electrical change, as the fluid 
is carried away to the body of the experimenter. By a slight 
pull the metallic thread is separated from the ball, and the 
electroscope is insulated ; and by the effects of excited wax 
or glass upon it the electricity of the atmosphere is •deter- 
mined. 


Henley’s quadrant' electrometer. 

No electrometer is more generally us^ul than that inv 

( 

vented by Mr. Henley, and called, by his name. It is repre- 
sented in fig. 71. AD is a wooden upright made very 
smooth, and generally polished. B is an ivory semicii|fde, 
the lower quadrant being divided into ninety equal parts or 
degrees. To the point C, which is the centre of^the semin 
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circle a thin piece of cane is attached^ capable of moving 
round the graduated arc. To the end of this cane a pith 


Fig. 71. 


{( 


.O' 
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ball p is fixed. Without this instrument 
no very extensive course of experiments 
can be ])erformed, and we shall best ex- 
plain its action by 8ui)posing it to be 
attached to a Leyden jar. ^Fhe interior 
coating and the upright A D, being in 
conducting (‘cinmunication, the xistru- 
inent itself must be charged with the 
saiiic electricity as the Leyden jar. If^this 
be true the pith ball and the stic^ 
AD, will be similarly electrified, and 
exhibit the phenomenon of repulsion ; the arm Cp rising in 
proportion to the intensity of the accumulated fluid. 




GOLD-LEAF ELECTllOSCOPE. 

The Gold-Leaf Klectroscojie, fig. 7*2, is an exceedingly de- 
licate and useful instrument. That arrangement of it repre- 
sAited in the diagram is diade by Mr. Clarke of the Lowther 
Arcade. Jit acts upon ])reciscly the same principle as the pith 
b^ electroscope of Cavallo, but is far more delicate, and 
suited to the examinatioi% of electricity of the lowest inten- 
sity. However weak may be the disturbance, it is sufficient 
Jo detect the change of state, and especially so when con- 
structed in the manner* represented in the accompanying 
figure.^ G is a glass globe fixed at one end to a stand S, On 
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the opposite end is fitted a cap with an aperture through 
which the tube t passes. B is a metallic plate with which 
the glass tube i is connected. From the metallic plate is 
carried a wire having at its termination two slips p n, of gold* 
leaf. A B /:cpresent the condensing plates, llie apparatus 
is fixed upon a mahogany stands and one arm of the con- 
denser is so attached that it may be brought ^,at pleasure 
nearer to, or farther from, the plate fixed to the electro- 
scopec #. 

Fig. 72. 



We have frequently had occasion to use, in an ejctensive * 
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course of experiments^ gold-leaf electroscopes; but none 
have been so delicate as that constructed by Mr. Clarke. In 
nearly all arrangements of this sort too much brass work is 
introduced in the cap, dissipating the fluid, and in many 
cases absolutely destroying the effect. ^ 


Harris’s electrometer. 


Fiff. 73. 


We may here mention an exceedingly useful electrometer, 
• iiiv&ited liy Mr. Harris to measure the effect of a given ac- 
cumulation. The instrument is very simple, and is in fact 
little more tlian an air thermometer with a metallic wire 
])asscd through the bulb. It is repre- 
sented in fig. 73: ahc 'i^ a glass tube, 
the interior diameter of which is about 
one-tenth of an inch, bent at one end, 
and attached to a glass bulb about three 
inches in dis^etcr. The tube terminates 
in a cup c, .into which some coloured 
spirit is placed : m n is a wire passing 
throilgh the centre of a bulb. 

Tlie following method of fixing it was 
adopted liy Mr. Harris : — “ two flanches 
of b|;ass, with projecting screws and 
shoulders, are cemented in and over the 
holes drilled in the glass, the wire is 
passed directly through the bulb by 
means of corresponding holes in^these 
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ilanchesj and being gently put on the stretch, is secured 
by short metallic or wood pegs by which it is slightly 
compressed, and retained in its situation. Both the pegs 
and extremities of the wire project a little for the con- 
venience ofc removal, and thus wires of various • kinds, 
and of different diameters, may be easily substituted. The 
whole is rendered air tight by means of small bj^Us of brass, 
which are made flat at one extremity, and screwed on the 
projecting parts of the fl^^nches against a collar of leather.” 
The vertical part ab of the glass tube is supported by a 

graduated scale attached to a convenient base. The tluid* 
^ * 

18 so adjusted that it may rise t(> exactly the lowest gra- 
duation on the scale which is called zero. WTien accu- 
mulated electricity is passed through the wire, the air 
in the bulb is acted ujion, and the liquid is forced up the 
tube. The force of the explosion is estimated by the effect 
produced on the liquid, and this method of determining, as 
the inventor has stated, the effects of electrical explosions by 
their actions on metals, is ;nuch to be preferred to thAt in 
which the fusion of metallic uires, is made the means of cal- 
culation. Platinum is the metal best adapted for use in this 
instrument, as it is easily acted oi*i, and not liable to oxida- 
tion. t 


CUTHBERTSON'S BALANCE ELECTROMETER. 

Mr. Cuthbertson’s Balance Electf/ometer, fig. 74, was once 
commonly used by electricians, but in consequence of the 
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very indifferent manner in which it has been constructed, is 
now seldom employed. When the instrument-maker will 

Fig. 74. 
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take a little pains in forming it, there is no difficulty in 
obtaining accurate results, g g are glass piUars supported 
by a mahogany stand. C is a brass ball, into which is fixed 
an arm carrying the ball D. A and E arc metallic balls at 
the ends of a lever, and moving on a knife edge in the/:entre 
of the hollow ball C. 11 is another brass ball insulated by 
the glass rod g. The arm connecting A and C is made of 
glass, and graduated : « is a slide, and by moving it towards 
A or Cf the charge may ^^e regulated, llie action of the 
instrument will be best exhibited by su})})osing the ball B 
to be connected with the exterior coating of a Leyden jar,Und , 
tViC ball 1) or C, wliich are in metallic connection, with the 
interior. As soon as we begin to charge the jar there will 
commence a rejmlsion between D and A, and an attrac- 
tion between A and B, and at a certain point it will be suffi- 
cient to overcome the weight by which its fall is resisted, and 
striking upon B will discharge the jar. A greater charge is 
obtained by moving s nearer to C, the centre of motion. 
H is a quadrant electrometer, })laced at the top of the instou- 
merit to give evidence when the charge is being communi- 
cated, and the degree of intensity. 


VON HAUCH'S DISCHARGING ELECTROMETER. 

« 

« 

In the Transactions of the Royal Society of Cojienhagen 
for the year 1799> we find a paper by Von Hauch describing 
an improved discharging electrometir of his invention. He 
compAdns of Lane’s discharging electrometer, and Henley’s 
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general discharger^ because they act by a spontaneous dis- 
charge of electricity; and he considers all others imperfect for 
the same reason^ as they are either constructed on a similar 
principle^ or are so made that the conducting body is placed 
between two electric atmospheres. In the forma* case, the 
accuracy of exjieriments must depend on the conducting 
flower of the atmosphere at the time, and in the latter upon 
the dexterity of the person who is making the experiment. 

Von llauch’s Electrometer is constructed on the, same 
firinciple as one previously invented by Brooks, namely, that 
j)f a loinparison of the repulsive power of electricity between 
two liodies of a given size and known weight. The advan^ 
tages, which he sujijioses to be possessed by his instrument 
over that by Mr. Brooks are, that neither the pressure of the 
atmosphere, nor friction, have any influence on it. 

llic instrument is represented in flg. 75, m and n are two 
massy pillars of glass, fixed in an upright position on a ma- 
hogany stand o p, which is about twelve inches in length 
and /our in width. G G are brass rings covered with some 
resinous substance, and into them is screwed forks K, of 
temfiered steel. E is a brass rod and ball; screwed into the 
ring G : the ball is abouttan inch in* diameter, and the rod 
and ball about four and a half inches in length. A B is a 
deflcate beam, the arms of which are of unequal length, turn- 
ing on a knife cfdge of the/ork K. The short arm is of brass, 
and is furnished with a ball B, of precisely the same size as 
the bull E. The long arm is formed of glass, covered with 
copal varnish, and terminates in an ivory ball A, w'hich is 
furnished with a hook R, supporting an ivory scale H. ^The 

' f 
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beam is about seventeen inches in lengthy and the short arm, 
which is di\dded into forty-five parts, equivalent to grjuns, is 
about one-third of the whole length. 

CD is a beam constructed and suspended in the same 
manner as^AB. The long arm, which is furnished wth a 
ball D, is divided into thirty parts, corresponding to grains ; 
and the short glass ann terminates in a cuived j)lale C : this 
beam is about eleven inches in length. 

Thj brass ring Q, on t|ie short arm of the longer beam, is 
so formed as to move over the rod, and shows the number of 
grains, that must be placed in the small scale to restore ^qui, 
Mbrium. 'Ihe moveable ring S, on the longer arm of the 
lower beam, also shows in grmns, by its distance from the 
point of suspension, the power that would be required to 
overcome the prejionderance of the other ann. 

The power necessary for this purpose, says the author, 
will be found, if the scale H, which weighs exactly fourteen 
grains,, be suffered to rest on the glass plate C, and the ring 
S be pushed forward till both arms of the beam are in nqui- 
librium. 

t 

The balls B and E are just in contact. The ball D is four 
lines distant from thei^ng G, and* the distance between ^e 
scale H, and the plate C, is exactly two lines. In each of 
the rings G G a small hole is formed so as to connect thhrn 
with the two coatings of a Leydenpar. I is a* brass wire with 
an ivory point a to support the beam C D. 

We may now explain the action of the instrument. If 
A B be connected with the extemil coating of a Leyden jar, 
and V3 D with the internal ; the two balls B and E will be 
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charged with electricity of the same name, and a repulsion 
will consequently be produced between them. Now as the 


Fig. 73. 



nrin V ascends, the arm A descends, and being twice as 
long, must ])ass over double the space, and resting on the 
iimi C, causes it to fall, and the arm D to rise ; and as soon 
as the ball touches the ring G the two sfties of the jar are con- 
nected, and^the electricity is discharged. It will, however, 
be e.Mdent to the reader, that there is not only a repulsive 
])ower between tlfe similarl;^ electrified substances B E, t)ut 
also an attraction between the dissimilarly electrified bodies 
1) G, the contact of which discharges the jar. To prevent 
tliis, the attraction betweenjDand G must be made less than 

the re]mlsion between B and E. For this purpose, saystlie 

• • 
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author, the ring S must always be removed two divisions 
farther on C D towards D, than the ring Q is shifted on A B 
towards B. If, for example, an electric force were required 
equal to eight grains, according to this electrometer, the ring 
Q must h*’' removed to the i)oint eight, and the ring S to the 
point ten. Tlie repulsive power will then repel the balls B 
and £ before G is in a condition to attract the ball D, as a 
power of two grains would be necessary for this purpose 
beside that of the eight already in action. 

Von Hauch recommends his instrument as ]>referable to 
air other Discharging Electrometers, as being exceedingly 
' simple in its construction, and as being made at a very small 
expense: — the want of these two important rec^uisites we 
consider to be among the greatest objections to its general 
use. 


HARRIS'S ELECTRICAL BALANCE. 

Among the electrometers we may also place M r. Harris's 
Electrical Balance, an instrument invented for investigating 
the attractive force of accumulated electricity. ITie follow- 
ing is his own descri])tion of the instrument. c> 

llie beam m n, fig. 76, is sustsuned in the required posi- 

* . t 

tion, between two vertical rods of glass cd ; a covered* v/ire 
indicated by the dotted line p^ses through one of these, 
and connects it with the negative coating. From one of the 
arms w, a hollow gilded ball of wood a, is suspend.<jd by a 
metallic thread ; this ball is about two inches in diameter 
anh weighs about 160 grains. From the opposite arm is 
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suspended a light brass pan by means of silk lines in the 
usual way : — in this pan is placed as much additional weight 
as is requisite to balance the ball just mentioned ; and to put 
jrjjr. 76. the whole mass in a state of 

equilibrium. The Attractive 
force of the accumulation is 
caused to act directly on the 
suspended ball a, by means of 
an insulated ball of brass A, 
of the. same dimensions^ which 
is fixed directly under it, and js 
connected with the positive 
coating : it is so placed that it 
can be depressed from contact 
with the 8us})ended ball through 
given distances, by means of a 
cylindrical slide r, to which it is 
attached, and a socket ty the 
slide r,has a scale engraved on 
it, (livyled into twentieths of 
an inch, and is suj)])orted on 
•a glass ])i1lar by means of a 
varnished ball of balced wood, 
in which the socket is fixed, and through which the con- 
nexion with the positive coaling })asscs. 

“ It will be immediately perceived that in this arrangement 
the attvactive force acts directly between the balls a and 6, 
and it can therefore be meilfeured under given conditions by 
weights, placed in the pan 7*, suspended from the opposite 

n b 2 
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arm of the beam. The pan is allowed to rest on a small cir- 
cular support the elevation of which can he changed so as 
to accommodate it to the horizontal position of the beam, 
and check any oscillation : there is also a small stop in- 
serted in I’^his stand, which projects over the ])ari, and pre- 
vents the further descent of the beam, after the equilibrium 
is destroyed ; without which the explosion would pass, and 
destroy the gilding of the ball.’^ 


LANE's ELECTUOMETER. ' 

I 

The electrometer, fig. 7fi, is a very useful, and at the same 
time a very easily constructed instrument. It is used for 
the purpose of discharging jars and 
batteries, and at the same time of re- 
gulating the intensity of the charge. 
A is the ball connected wtth the in- 
terior coating of a Leyden jar, aad A B 
t\ie metallic stem. D is a brass ball, 
and C a spring tube, through which 
the niets^Iic rod D E slides. •'ITie 
curved glass rod PC insulates DE, and^ 
as will be presently seen prevents the passage of the electric 
fluid from one surface to the other of a 'J^eyden jar. 'fhe 
ball A is, as already stated, supposed to be in metallic 
contact with the cliarged interior coating of a jar. BG is a 
chain in contact with the extodor coating, and hence it 
wifl be evident that A and D are oppositely electrified, and 


Fitf. 7^>. 
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represent the electric states of the two surfaces. To dis- 
charge a jar, or in other words to restore the equilibrium, 
tlie electricity must force its way from A to D, which is 
cdled the striking distance, and the intensity of the charge 
may, therefore, be varied by increasing or decreaiiing that 
distance. In using this,* and indeed all electrometers, great 
can; must bc%taken to avoid those sources of dissipation 
spoken of in a former part of this chapter. Dust upon the 
brass work, or moisture on the glass, will certainly present 
tlie action of the instrument. 

Tliert*. are few philosophical instrument makers who take 
snflident care in the construction of electrometers and 
dectrosco[)es ; or in their electrical instruments generally, 
rerhaps we have little reason to expect they should, for their 
object is to sell and make money, and to this science is made 
«ubserAdcnt. When young persons begin the study of phy- 
sics, they are frequently seized with so great an anxiety to 
])osseK8 what they consider the necessary apparatus for expe- 
riment 4hat they immediately resol vt on the )>urchase, and 
trusting themselves in the hands of ^oinewellknovm manu- 
facturer, purchase not only what they think is wanted, but 
also \fhat is recommended Ss necessary, llius provided 
with instruirwnts, they commence in earnest the performance 
of experiments, buUto their great mortification fail in almost 
every thing they try, and thesfailure is at first attributed to a 
want of skill, but as their information increases, they dis- 
cover that the instruments have been made to please the eye 
and not to exhibit scientific fflbts. 
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ELECTRICAL LIGHT. 

When an Electrical machine is put in action^ a series of 
lieautiful sparks will be seen flying from the machine to the ^ 
hand, or to any other conducting ifubstance brought near it, 
A Leyden Jar when charged from the machiire, is filled as it 
were by successive quantities, each portion being attended 
w'ith a momentary flasfi of light. This light differs but little 
from that j)roduced by the solar rays, or that obtained by 
combustible bodies, and may be readily decomposed by a 
prism in a dark room. 

'file colour of the electric spark is not always the same, 
it is generally white, when the electricity is passed from, and 
received hy metals, but if it should be made to faD upon the 
surface of "water, it will be red, and when received by the 
human body green. The alteration of distance between the 
excited and conducting body, will also alter the colour of 
the spark : tliis may, perhajjs, be accounted for, from a vari- 
ation in the resistancer offered by the atmosphere. These 
are the changes in the luminous appearance produced by an 
alteration of siibstance and distance. * 

If an arrangement be adopted, by which anp^ alteration in 
the density of the medium may be obtained, the distance re- 
maining the same, the siiark<*will be wliite as long as the 
common atmospheric pressure is maintained. But if the den- 
sity of the air be diminished, the white light gradually 
changes to a violet tint. This^ippearance may be accounted 
for on the Bupi)osition that electricity is transmitt^ed from the 
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one ball to the other, in an exhausted receiver, before it has 
attained the same degree of intensity, as it had under the 
common pressure of the atmosphere. 

There is an experiment worthy of notice as tending to 
illustrate*this branch of our subject. If a glass tube, two or 
three inches in diameter be connected with the prime con- 
ductor by a copper wire, the wire entering the tube about 
two or three inches, no electrical light will be at first pro- 
duced by setting the machine in action, but if the tube be 
fixed to an air jmmp, and gradually exhausted, the elec- 
trical *light null appear, becoming more and more diffused ^ 
as the exhaustion proceeds. 

Many interesting experiments may be made to exhibit the 
luminous effects of electricity in motion. We will mention 
a few, which may be easily performed by any of our readers 
who have a small electrical apparatus. 

When electricity jiasses from a good to a bad conductor, 
light is always given out. This fact has been applied in the 
consttuction of an interesting apparatus, for the exhibition 
of luminous appearances. Take a plate of glass and cover 
the centre of it with tin foil. Cut away portions of the metal 
so dfe to form a device, a letter, or a word. At all those parts 
where thenglass is exposed, light will be produced when 
electricity is communicated from the machine. Many of our 
readers may, perhaps, find some difficulty in cutting out 
these figures or words, and a few practical remarks on the 
subject, may not be uninteresting. 

Let A B C I), fig. 77, be^ glass plate, and upon it a piece 
^of tin foij is to be so fixed as to produce a luminous repre- 
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sentation of the letter L. Cover the glass to within an inch 
or two of the edge with tin-foil, fastening it with gum or 

paste. When the gum has 
set, and before it is dry, cut 
the tin-foil into slips, hav- 
ing an open space between 
every slip o£« foil, taking 
esi)ecial care to rub down 
the edges with the thumb 
nail, as every alternate piece 
is taken away. The lowest 
slip is made to terminate in 
a larger piece of foil p at the bottom of the plate, and the 
upper one in the j)iece o. AVhen this has been done, connect 
each alternate end of the slips in such a manner, that when 
made to conduct a charge of electricity, the fluid may have 
a continuous passage through it. Then mark upon the pre- 
])ared plate the figure or word to be represented, and in all 
those places where light i is required, cut away a small por- 
tion of the tin foil. Th^ width of each mark need not be 
greater than that produced by the pressure of a ])enknife. 
Let us suppose the letter L represented in the figure, t6 be 
formed in this manner, and the plate to be perfectly dried. 
Bring the tin-foil at o near to the conductor of the machine, 
so as to receive the sparks thrt^wn off, and let the lower 
part p be connected with the ground. The electricity has a 
continuous passage except in those parts where the foil l^as 
been removed, and these being Sll illuminated at the same 
moment present the appearance of a letter of firf. Any„ 


Fig. 77. 
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word inay be cut out, and with a little management the 
experiment will be successful. It udil be found of advantage 
to cover the ])late with a varnish when finished, for it pre- 
vents the foil from being rubbed, and also causes a less 
(lc})ositk)n of moisture upon the surface, whicji, when it 
happens, is sure to prevent the success of the experi- 
ment. « 

A very pretty experiment may be made by placing small 
pieces of tin-foil in a spiral form ri»und a glass tube. ^Brass 
knobs are usually hxed at the end of the tube, and the foil is 
placed inside to prevent injury by rubbing. A number of 
these tubes are sometimes fixed together in such a posi- 
tion that the same s^iark may ])ass through them all, and 
the appearance is then very beautiful. 

When a charge is [lasscd through a metal chain it is illu- 
minated for the same reason. Take a tolerably large iron or 
brass chain, and suspend it so as to form festoons. (!7onnect 
one end of it with an arm of the discharging rod and the 
othft* with the outside coating rjf a Leyden jar. When the 
jar is charged, touch with the discharging rod the knob 
that is connected >vith the interior coating, and a perfect 
ciftuit is formed. The dectricity rushes through the chain 
winch now forms a connexion between the exterior and inte- 
rior coatings, and flashes of light will be observed between 
the links, which are separated from each other by a thin 
layer of atmospheric air, a non-conducting substance. 

^ Tdke two pieces of brass chain ; and, placing them upon a 
table, connect an end of%ne piece with the exterior coating 
• of a jar. and an end of the other with the discharging rod. 
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in the manner already described. Then bring the other ends 
near to each other, but not to touch, and on them place a 
richly cut glass vessel containing water. When the jar is 
discharged, a spark will be produced between the wires, and 
the light b^ing reflected from the under surface of the water, 
a s])lendid illumination will be observed. 

If a charge of electricity be passed througli^ an egg, an 
orange, or even through the thumb of the cx]>erimenter, it 
will b^ illuminated. The experiment with the egg is a pretty 
one, and may be easily made. In a wine glass place a piece 
of brass chain, sufficiently long to have one end connected* 
^ith the exterior coating of the jar. Let the egg rest ui)on 
the other end in the glass. The charge will pass when the 
outer coating is connected by a discharging rod with the 
other end of the egg, which will appear during the passage 
of the electricity as though it were heated to redness, or filled 
with a luminous red fluid. 

Many other experiments of the same kind will be sug- 
gested by the ingenuity <^f the experimenter, and others, 
equally curious and interesting, may lie found in the pub- 
lished works of electricians. 

The author would si^cgest another manner in which the 
luminous effects of ordinary electricity may be exhi[)ited, and 
at the same time accompanied by motion. , 

Fig. 78. ^ is a glass rod fixed ii^a wooden' stand, and ter- 
minating at the oilier extremity in a brass cap and point, on 
which is accurately balanced two thin strips of glass aa^bb. 
Upon the glass tin-foil is placed, and cut in some device as 
alreai^j explained. At the ends of each strip of glass^ points 



LUMINOUS EXPERIMENTS. 


379 


pf are attached. The instrument is connected with the 
electrical machine by a chain, which is attached at one end 
to the hook A, and at the other to the i)rime conductor. Im- 
mediately the electricity begins to circulate, the strips of 
glass ^11 be illuminated, and by the action of the points be 
set in motion. 

Ki*;. 7fi. 



Another nihtrument ^pf the same kind has been described 
to us as the invention of Charles Barker, Esq., of Gosport, 
and of it we are bound in fairness to give a description. 
The instniment is represented in fig. 79^ c c is a brass rod 
in the form of a syphon, j r is a horizontal piece<>^etween 
1 
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the uprights on which the glass plates, a a, 66, revolve. 
ITie plates are covered mth tin -foil as in the former appa- 
ratus, and terminate in points pp, gm'A glass column insu- 
lating the apparatus, and h is a hook inserted in a brass cap, 
by which the instrument is connected with the conductor of 
the machine. Light and motion arc produced as in the 
fonner experiment. ^ 


J'ig. 7.0. 
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In the Annals of Electricity S Mr. Sturgeon has described 
another very interesting instrument for the exhibition of the 
luminous clFects of ordinary electricity; and we have fre- 
quently seen in the possession of gentlemen who devote their 
leisure*to scientific pursuits, other arrangements, to which 
we might refer if our space would ])ermit. 

Many tl^ories have been ])roposed to account for the 
origin of electrical light. Dr. Wollaston was one of the first 
who examined the spectrum produced by the electric spark 
when I'efracted by a glass prism. M. Fraunhofer performed 
•similar experiments with more particularity. To obt^^in a 
continuous train of electrical light he connected two conduct- 
ing substances by a fine thread of glass, so that when they 
com])leted the electrical circuit, a brilliant line of light was 
produced. To compare the electrical light with that of 
lamjis and the sun, he obsenT,d the lines of its spectrum, 
and discovered they were in every respect different from 
those obtained in other spectra. These experiments were 
tesfhd by Sir David Brew'stcr, whose observations ^dll be 
found in the Edinburgh Philosojdiical Transactions. 

It was generally supposed by the early electricians that the 
electrical light was, to use M. llioPs exjiression, “ a modifica- 
tion of eteiJtricity itself, which had the faculty of becoming 
light at a certain degree of accumulation.” This eminent 
philosopher ofijected to* the commonly received opinion, 
and accounts for the phenomenon on the supposition that 
♦he electricity acts in the same way as the ordinary pro- 


* Annals of Electricity, v(»l. i. p. 114. 
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cesses of condensation, or in other words that the produc- 
tion of electrical light is the effect of the compression 
produced on the air by the ex])losion of electricity.” “ The 
intensity of electrical light,” he says, " depends always on 
the ratio which exists between the quantity of electricity 
transmitted, and the resistance of the medium.” Many objec- 
tions, however, may be made to this theory, hxit it is only 
necessarj^ to state that in the most perfect vacuum we can 
obtain by artificial means, ^ight is not only produced, but in 
much greater abundance than in an atmosphere of usual 
density. ‘ • 

* In the year 1822 Sir Humphrey Uavy published in the 
Philosophical Transactions * his opinions on this subject ; 
but we shall only direct the attention of the reader to the 
exjieriments of J)r. Fusinicri, the results f)f which were jmb- 
lished in 1825, in the journal of Pavia. This philosopher 
has attempted to prove, that the electricity j)assing from any 
metallic conductor, contains tliat metal in a state of fusion. 
Thus for instance; — he saj's, that sparks passing from n 
globe of silver, consist of, incandescent molecules of that 
metal, and that they may even traverse a jdale of copper, 
some of them being deWned by the intervening substanffe, 
and others, following the electrical currimt, may be deposited 
in the substance to which the electricity is carried. It will 
be evident, therefore, that he coniiders eleclricid light as a 
flame consisting of minute material particles in a state of in- 
candescence. ITie author of the paper on electricity ill the 


^ Phil. Tmiis. 1822, vol, xii. p. 72. 
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Encyclopaedia Britannica, draws the following conclusions 
from Dr. Fusinieri’s papers : — 

1. ^‘Tlie electric spark is not formed by a pure fluid, or 
by any im|)onderable fluid. 

2. heat and light of the spark proccej^ from the 
Ignition, jmd combustion of particles of j)onderalilc matter. 

3. The presence of air produces on the spark two dis- 
tinct effects, the one to hinder its free expansion in space, 
the other, by supplying oxygen, t(^ promote the combpstion 
of the exterior molecules of the grouj), while the centre 
4 nol(^ules are luminous, from ignition and fusion alone. 

4. “ In gases without oxygen, the material molecule.f 
wliich compose the spark ought to be simply in a state of 
incandescence and fusion without any combustion of the 
interior particles. 

5. “ In gases deprived of oxygen, as well as in a vacuum, 
the molecules which coinjiose the s])ark, ought to be incan- 
descent ; that is, in a state which fits them to emit light and 
hcat^ a ])Iienoinenon of the sam^» kind as those inflamma- 
tions which chemical experiments j>rove to take place, even 
without the aid of o.vygen, in so great a number of other 
coipbinations, or even without therePbeing any new combi- 
nations, 1^' the sole effect of division of parts.” 

Or. Fusinieri Jias followed out his theorj', and attempts 
to exjilain upon^its princj})les those meteorological i>heno- 
mena universally allowed to be produced by atmosphe- 
rical ijlectricity. It is, however, impossible for us to dwell 
iA)re at large upon thiag interesting branch of philosophi- 
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cal enquiry : we can only refer the reader to the original 
memoir K 


HEAT FROM ELECTRICITY, 

When ar powerful charge of electricity is made'eo pass 
through a good conductor of dimensions too small to give it 
a ready jiassage, the temperature will be raised. « When thin 
pendulum wires are made the means of transmitting the 
electricity from a large <)atterj% they are generally fused. 
Mr. Brook, Keinmayer, Van Marum, Cuthhertson, Singer, 
and, other electricians, have made experiments for the* pur- 
pose of determining the laws hy which this heating power of 
electricity is governed. ^‘Frora numerous ex])eriinents,” 
says Singer, " it has been concluded by Mr. Brook, and 
Mr. Cuthbertson, that the. action of electricity on wires, in- 
creases ill the ratio of the square of the increased ])ower ; 
since two jars, charged to any given degree, will melt four 
times the length of wire that is fused by one jar ; and thi.s 
will be again quadrupled# by doubling the height of** th^p 
charge. But Van Marum contends that the length of wire 
fused was in direct proportion to the extent of coated sur- 
face. 

If a piece of gold leaf be placed between two« plates^ of 
ivory, and a charge be sent through it, fusion will attend the 
transmission of the electricity. TIiC exjierimciit is now fre- 
quently so made, as to form a device upon a piece of satin. 

* Ann. dcllc Scienze del Pic5gn% Lomb. Viento, 1831. 
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An open pattern is cut, and on one side of it a gold leaf is 
placed, and on the other a slij} of white satin. When the 
metal is made the conductor of a current of electricity, it is 
fiued, and the figure of the pattern, whatever it may be, is 
left stamped on the satin. 


CHEMICAL EFFECTS. 

Common electricity has been long known to produce, when 
4 )ro}icrly applied, some chemical effects upon the bodies 
llirough which it is made to pass. Great care is required tJ 
dLstinguisli the origin of those effects, which are com- 
monly called chemical. When a charge of accumulated elec- 
tricity is }>aK8cd through a gold leaf, the metal will combine 
with the oxygen of the atmosphere, and an oxide of gold 
will be formed. 'ITiis is a chemical effect, but it cannot be 
considered as resulting from the cdiemical action of the 
electricity. An intense heat is produf,'ed during the passage 
of the fluid, and it is to that agent the effect must be attri- 
buted. An attention to this suggestion is of the greatest 
importance, or we may b« induced 5b attribute to the che- 
micid indolence of electricity, that which results from its me- 
cluTnical force, smd the intense heat occasioned by its passage 
through inferior conductojs, or perfect ones of small dimen- 
sions. 

ITie heating effects of electricity are due in a great mea- 
sure to the mechanical fosce it exerts upon the bodies whose 
temperature is raised. Place a sheet of gold or silver leaf 
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between two plates of window glass^ and allowing a small 
portion of the metal to hang from lietween the edges of the 
glassj pass a shock through it^ and the glass will be stained 
with the oxide of the metal. 'ITic chances are that in per- 
forming this exj)eriment, the glass will be shattered to 
pieces, which must arise from the expansive force of the 
confined air, or the concussion receiv'cd by the ]jarticles of 
the glass during the passage of the electricity. 

The same ellect is observed when a charge is passed through 
thick card-boai'd or resin. The latter is best suited for our 
pur|)Ose ; — take a thin plate of rc.siu, and jdacing it against, 
the outside coating of a Leyden jar, let one arm of the dis- 
charging rod he brought against it, and the other to the knob 
of tlu' jar. The circuit is formed by the rod, and the elec- 
tricity in i)ast ing from one surface to the other, has to contend 
with tliis non-conducting medium, and breaks it in pieces* 
The wires by which a battery is to he discharged, may he 
separated by a strong glass ])latc. When the discharge is 
made, the surface of the glass will have a mark on it, show- 
ing the path taken by the electricity. If a thin glass be 
used, or if weights be ])laccd on that pfirt over which the 
electricity is to i)ass, tile prohahilKy is that it will he broken 
to pieces, and if the intensity be great, it will be glinost re- 

I 

duced to ])()wder. p 

From these remarks it will be fvident thVit many of the 
effects produced by the transit of electricity are altogether 
due to the mechanical or calorific agency of the lluid. * 

Dr, Priestley aj>pears to have bet n the first to examine tlie 
actioit of electricity ujion the gases. Among other experi- 
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merits he passed a series of sparks through a tube containing 
Cc^irburetted hydrogen gas, which caused a deposition of car- 
bon. During the course of his incpiiries he was induced 
to tr^thc effect of common electricity ujion water coloured 
with vegetable blue. In making this expcrimcTjt he used 
a tulie about four inches long, and one-tenth of an inch 
in diameter.* To one end of the tube a jiiecc of wire was 
fastened, having a ball attached, and the oyiposite end was 
immersed in a vessel containing the same fluid as that with 
whicli it was filled. When syiarks had been passed through 
tJic ^ire and liquid for a few minutes, the u]>per jiart of the 
fluid began to have a reddish tinge. To determine the origid 
of tills change of colour. Dr. Priestley craused so great an 
expansion of the enclosed air as to exjiel the Tupiid, and then 
introduced a fresh quantity, lie afterwards cxjiosed the fluid 
again to the same ojieration, but the electricity ]>roduced no 
scnsilile effect, so that there could lie no doubt of the dccom- 
l>i>sitioii of the air, and the jiroduction of some acid com- 
poimd. The result was the sarnc^with different wires. Ni- 
trous acid was in fact formed by ,thc decomposition of the 
enclosed air, as was most satisfactorily proved aftenvmls by 
a (nmrse of very ingsiiioAs experiments iierforined by Mr. 
Cavendish . 

llie decoinjiosition of water was effected by Pacts, \ an 
'frootwyck, anfl Diemauf three Dutch chemists. lleing 
emjiloyed with Mr. Ciitlihcrtson in an investigation of the 
elfeots of electric shocks on different substances, they had 
tJie curiosity to obseiwi? its effects on water also. For 
^ tins puj*j)ose they filled a tube of one-eighth of iiR inch 

c c 2 
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in diameter^ and a foot in length, with distilled water. 
One extremity of the tube was hermetically sealed, and a 
gold wire was closed in it, which projected an inch and a 
half within the tube. The other extremity of the tubft was 
immersed, in a small glass vessel full of distilled water, and 
another wire passed through this aperture, and went up into 
the tube, so as to be five-eighths of an inch distant from the 
first mentioned wire. In order to transmit the electric shock, 
so that it should pass through the water contained in the tube, 
between the extremities of the two wires, the closed end ot 
the^tube was placed against a copper ball, standing insulated 
Ut some distance from the prime conductor of the machine ; 
and a communication was made from the extremity of the 
wire which stood in the vessel full of water, to the outside of 
a Leyden jar, having one scpiare foot of coated surface, and 
whose knob communicated with the prime conductor. The 
electrical machine employed was a very powerful double 
plate one, on the Teylerian construction, causing the jar de- 
scribed to discharge itself twenty-five times in fifteen revo- 
lutions. By a series of shocks with this apparatus, decom- 
position was effected, and the upj)er part of the tube was 
speedily filled with gas! As soon', however, as the electrical 
discharge passed through any portion of this gas, n re-union 
instantly took place, water was formed, and* there remained 
only a small quantity of air, which did no*t entirely disap- 
pear; and upon repeated trials it was found that a fresh 
discharge passed through this residuum would produce 
further combination, and thus tlAs volume of gas remain- 
iiig, though never entirely re-combined, became oqly one- 
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eightieth of that volume, originally produced by the decom* 
position.” 

Dr. Wollaston, a philosopher remarkable for the extreme 
neatness and minuteness of his experiments, attempted in 
the year 1801 to decompose water by sparks instead of 
shocks, and succeeded. In every previous instance the re- 
sult had be^ obtained, by using powerful charges ; but 
when I considered, ” he says, " that the decomposition must 
dqiend upon duly proportioning tb^ strength of the charge 
of electricity to the quantity of water, and that the quantity 
exposed to its action at the surface of communication, ^de- 
pends on the extent of that surface; I hoped that, by reduc-* 
ing the surface of communication, the decomposition of water 
might be effected by smaller machines, and with less power- 
ful excitation than have hitherto been used for this purpose.” 
In this he succeeded fully ; but an objection has been made 
to the supposition of a chemical agency. liis apparatus was 
so minute, that the result has been supposed by some philo- 
sophers to arise from a mechanicc'vl influence upon the parti- 
cles of water. Dr. Wollaston a man of extraordinary 
philosophical powers, but he frequently put himself to great 
inconvenience to perform* his experiments on so small a 
scale, thait a lens should be required to observe the result. 
He was a man who seemed to delight in operations made in 
almost capillary*tubes, and prided himself in a voltaic battery 
formed of thimbles. 

06 all the experiments yet made with a view to determine 
tfte chemical effects of ordinary electricity, those recently 
^ performed by Professor Faraday are by far the most iApor- 
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tant. He succeeded in decomposinf? water so as to obtain 
the two elements se^iarately, and thus removed the objections 
before attached to the supposition of the chemical influence 
of the agent. He has likewise put us into possession of a 
means by ,which our observations on other substances may 
be conducted with greater facility. It must, however, be 
evident that the chemical effects produced by tj\e elcctncity 
of the machine are comjiaratively unim])ortant, and we may 
refer tlie reader to Dr. Fjjraday’s description of his own ex- 
periments in the Philosophical Transactions. 

fl 

MAGNETIC EFFFXTS OF ELECTRICITY. 

Those w'ho studied electricity as a science even when in a 
crude and imperfect state, were fully cominced that some 
intimate connexion existed between those two princi])les we 
call electricity and magnetism. It had often been noticed 
that lightning destroyed the polarity of needles, and pro- 
duced magnetism in fen^uginous substances not before 
possessed of the property., 8lii[)s at sea, when struck with 
lightning, often have had the polarity of their needles 
destroyed or reversed, ‘and cases have hcen known in wlich 
the ship has, after a stonn, hcen steered in a wrong^lirection, 
till the error was detected by an astronomi/;al observation. 
In the Philosophical Transactions (oany pape^x's will be found 
in which the communication of magnetism to a piece of iron 
is said to have been produced by the passage of lightning 
through them. In the same work Mr. Robins has stated, 
that Hkt needle of a compass is slightly disturbed even by ^ 
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rubbing the outside of the glass. This also is an electrical 
phenomenon, for the fluid is set free by friction, and until it 
is dissipated, acts upon the magnetic needle with sufficient 
power to derange its influence, and therefore to neutralize in 
some degree the terrestrial action. v 

When Franklin commenced his investigation of the iden- 
tity of ordyiary and atmospheric electricity, his attention 
was drawn to the magnetic effects ])rodnccd by lightning, 
and he endeavoured to discover whether the same coiuld be 
produced by the electricity of the machine. After charging 
•fouf large jars he passed their contents through a sewing 
needle, and found that it acquired the magnetic propert]?. 
When the needle was jdaced in the plane of the magnetic 
meridian, that end which pointed to the north 1)ecamc the 
north ])ole, whether the electricity was passed from north 
to south, or south to north. When the needle pointed 
cast and west, that end ])ccamc the north pole at which the 
electricity entered. A piece of steel wire placed ])erpend!- 
cular to the plane of the horizon^ was magnetised in the same 
manner; that end nearest to t^c earth being always the 
north i)ole. lliese experiments may be easily verified by 
the reader ; a much less’txtensive ?^)paratus than that used 
by Fraijdiii, being sufficient for the imrpose. 'Fliey will, 
however, be b^st performed by placing the needle in a helix 
formed of cojf|)er wire, t 

In the same manner magnetism may be deranged or de- 
streyed, for if a strong charge be passed through a small 
^magnet, it will cither^lose its power or have its poles 
reversed. 
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A magnetic needle may also be deflected from its position 
by ordinary electricity, a phenomenon frequently produced 
by the Aurora-Borealis. Many electricians have denied the 
j) 0 ssibility of producing this efiect with the machine ; but 
Dr. Farads^ succeeded by using batteries of great tpower. 
The apparatus was so arranged that, while the needle was 
completing one vibration, tlie battery could be cl^rged, and 
when the needle returned to its first direction, the dis- 
charge^ was again made.« By repeating this for a few times 
the vibrations extended to above 40^ on each side of the line 
of quiescence. It is worthy of remark, that although* the* 
siLme results were obtained, whatever conductor was used, 
imperfect conductors succeeded best, having the power of 
converting the strong charge into a somewhat continuous 
current. There is, however, no necessity for this large and 
expensive apparatus. If a needle be delicately suspended, 
and a stream of electricity issuing from a point be poured on 
it, the needle will be instantly deflected. The experimenter 
may at first find some di^culty in obtaining the desived 
effect, but a few trials will enable him to place the needle at 
once in the situation where the effect is most powerful. 


THE PHYSIOLOGICAL EFFECTS OF ELEQTRICIT1 

«• 

The sensation produced by receiving the spark, and the 
more powerful one experienced when any portion of the body 
forms a part of the circuit through which a charge from^ 
the two^pides of a coated jar returns to the state of electrical 
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equilibrium, must be familiar to dvery one. From the effects 
produced on inanimate matter, we might expect that this 
mysterious fluid would have some singular influence upon 
the vital system. Such is the fact, for in addition to its 
chcmica] stnd mechanical effects upon bodies, it ^ercises a 
mysterious influence upon the living powers, and more espe- 
cially’ upon the nervous system. 

We are not sufficiently acquainted with the nature of the 
electric agent, to give a satisfactory.reason for its singjilarly 
violent action on those bodies through which it passes. 
The involuntary muscular motion may be produced b^ an 
influence on tbe nervous system, or by the passage of a sub-* 
tie fluid through the substance of our bodies, or by the sud- 
den decomposition of their natural electricity. 

llic reason why the shock is more set^erely felt at the joints 
than any other parts of the body, may probably be traced to 
the impediment it suffers in passing from one surface of the 
l)one to another, at the parts vrhere the continuity of sub- 
stance is interrupted by the joint^. If a shock be directed 
through a muscle, its chief effect is the production of a con- 
vulsive and involuntary action. If a paralyzed limb be placed 
in ijne electric circuit, tbis* action is dbeasioned, though the 
nerves ar^ncapable of conveying the impression which pro- 
duc*es sensation.. 

But it is upoif the nervc^is system that electricity produces 
the greatest effect. A strong shock passed through the body 
of an, eel, instantaneously kills it, but when a part of its 
bSdy is included in the cincuit, only that part suffers the de- 
struction of irritability. Small animals, such as mic€ and 
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sparrows, are killed by a shock froni thirty square inches of 
coated surface. If a charge be sent through the head of a 
bird, it generally injures or destroys the optic nerve. 

Mr. Singer discharged through his own head a strong 
shock, whjch occasioned the sensation of a violent* blow, and 
was followed by a transient loss of memory, and indistinct- 
ness of vision. If a person who is standing recjinve a charge 
through the s})me, he loses his power over the muscles to such 
a degree, that he cither drops on his knees, or falls prostrate 
on the giound. If the charge were very powerful, it w'ould 
produce immediate death, in consequence, probably, df thr 
Sudden exhaustion of the whole energy of the nerv^ous 
system. 

These arc effects occasioned by the jiassage of an electric 
shock through the body under particular conditions ; Imt the 
shock produced by the discharge of the Leyden jar through 
the arms, only causes an agitation of the muscles, which is 
more or less po^verful, in jjroportion to the intensity of the 
charge. But it is curioqs to read the ridiculous and ex- 
aggerated statements made by the {diilosophers who first 
received the shock. These accounts naturally excited the 
wonder of all classes, *and every \)ne was anxious to see»the 
strange effects ; which induced a number of unedwated men 
to wander about through our own and other countries, im- 
posing upon the public, and, as it vltimately firoved, bringing 
the science itself into disgrace. 



395 


CONCLUDING REMARK^^ 

'Ilie curious and interesting ])henoniena exhibited by 
lecturers on electricity have made the study po$)ular, and 
there is, now, no branch of physiial science so generally 
known. l) 4 iring the last twenty years the attention of phi- 
l(>so])hers has been directed to new investigations, and but 
little has been done, comparatively speaking, towards the 
full development of the science of ordinary electricity. It is 

siri^ular fiict, that we have not in the English language a 
complete treati? e on either branch of electricity ; — the besi* 
papers on the subject, are those puldished in the Encyclo- 
])a*dia Eritannica and Metrojiolitana. Ordinary electricity 
is ])erhaps the only electrical science in a state permitting 
such a combination of facts, as would be re(|iured in a work 
])rofes8ing to examine and explain all that lias been done by 
observers, and to decide between conflicting statements. 
Thetfew preceding pages are inte^i^ded to initiate the reader, 
but it is our intention at no vtj-y, distant period to present 
the public with as complete an exposition of the science as 
ouy investigations shall permit. 
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CHAPTER VIII. 

VOI.TAIC ELECTRICITY. 

» • 

No branch of science has, 4uring the last twenty years, en- 
gaged more of the attention of philosophers generally, than 
that which we are now about to ei^lain. The task we hive 
undertaken is by no means an easy one, so gnat is the 
number, and so complicated the nature of the facts de- 
veloped by the researches of modem philosojjihers. It would 
be difficult to prepare a full account of the science, but it is 
much more so to give one that must be brought within the 
limits of a few pages. To select fiFbm one of the most ex- 
tensive and ffifficult branches of science those pripciples, , 
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most likely to assist him who is commencing the study, and 
to arrange these in an order that will lead him forward to a 
practical acqusuntance, is attended with more difficulty than 
he who has not made the attempt, would be willing to be- 
lieve. After making every exertion to facilitate the progress 
of the student, we must conduct him over a difficult and 
somewhat t^^lious road, hut it Mrill lead to a magnificent and 
fertile country, the beauty of which will i)e the better appre- 
ciated from having reached it udth* some fatigue, lliere is, 
however, much to support the energy and excite the curi- 
njsit/, in the least interesting part of the journey. 


mSTOUY OF VOl.TAlC ELECTKICITy TILL THE INVEXTION 
OF THE PILE RY VOLTA ^ 

It is always an interesting, and by no means an unprofit- 
able task, to compare the amount of our knowledge with that 
])oss»;ssed by those who have beeq engaged in similar pur- 
suits at earlier periods, 'J'he advjintages to be derived from 
this comparison are obvious ; hut in spite of them we are apt 
to pass by with neglect, afid even wifli contempt, the efforts 
made by aien whose names and exertions should be held in 
reverence by th^se who arc building a temple to their own 
fame, on the foundations rtiey so securely laid. In ages that 
are past, time has obliterated the recollection of facts and 
jirinoiples essential to the intellectual advancement, and well 

• j 

'riiis jtaper was rca<l before tlio Klcctrical Society. ^ 
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heixig of society; and many who ought to occupy the higher 
seats in the temple of Fame, are altogether unknown. But 
the power wliich time has exercised over the records of men 
and nations^ is now combated by the art of printing ; and 
the honour of illustrious men is more securely* j>r^*served 
than if engraven on rocks of granite or tablets of brass. 
The advantage to be gained by a review of labours of 
those who preceded us is ours ; for if we neglect to give them 
the h^^nour that is their ,due, tJieir fame cannot be sullied, 
as posterity will not fail to estimate their labours by a com- 
parison witli our own. . • • 

• Tlie history of gal\'anism, or, as the science is now with 
propriety called, Voltaic (Jectricity, is as interesting to the 
mental, as to the cx])crimeiital jdiilosojdier ; for although it 
is impossible to estimate the intensity of mental energy ex- 
pended on it, we may form some oj)inion of the capacities 
and talents of those who have been engaged in raising the 
im])osing but still irregular combination of facts which com- 
pose it. We have sometimes attempted to imagine ourselves 
surrounded by the men tp whom the very existence of the 
structure may be traced ; Galvani, Volta, Wells, Davy, 
Wollaston, and a inulJitudc of oAjers. M'bat a concoicrse 
of gigantic minds, and yet how' difterent in thei|' habits of 
thinking, and in the power of particular {[iculties — !ill*the 
varieties l)etwceii the extreme microscopic exainination 
and a universal gras]j of facts, fit to combine the divided 
fragments into the fashion of a goodly edifice. It isf true 
that many of these philoso])hcr8 intertained veiy contrafy 
opim(?as ; but as stately forest trees driven l)y the wind lash ^ 



HISTORY OP VOLTAIC EC.ECTRICITY. 


399 


each other, bending? backwards and forwarcls, and sheltering 
the tender shrubs within the reach of their branches, so they 
have nourished and protected the tc*nder shoot which, grow- 
ing to a strong and wide-spreading tree, has shot its branches 
dtnvnwarifs, each in its turn becoming an indepesdent, and 
yet a subsidiaiy source of fruit. 

Tlie expci^nicnt which first led to the establishment of the 
science of Voltaic electricity was made by accident in the 
year 1791, but was afterwards investigated by Galvani, whose 
name Avas for a long time attached to the science itself. This 
j>hil<^oi)hcr was, it appears, making ex])erimeiits to prqye a 
theory he had adopted, — that electricity is the cause of mus-* 
ciilar motion. 

Some dissectc*d frogs were on the table near to an electri- 
cal machine, which was in action, (hilvani hai)pencd to 
touch at this time a <‘ertain nerve of one of the frogs, and 
observed an immediate contraction of its limbs. This sin- 
gular result seemed so favourable to liis theory, that he im- 
inediutely commenced an investigation of the ]>henomena. 
'riie efiect Avas at first attributed, entirely to the common 
electricity, but finding that the contractions M'^ere also pro- 
duced when the animal was merely placed on an iron plate, 
and touelK'd with another meUd, es])ecially silver, he per- 
ceived there muut be some other cause few tlie phenomenon. 
After i>erfonnin|r numerous cxi»eriineiits, he. published the 
results of his inquiries ’, Avhich he ex])hiins by siq^posing 

' Aloysii (isilvuiii dc Virilmt Klcctricitatia in motu mubculaii Com- 
^ nicutavins^ Bonouinc, 1 Till . 
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tliat electricity is secreted by the braln> and has a permanent 
residence in the muscles, — that the inner parts of the muscles 
are in a positive, and the outer in a negative state, resem- 
bling in every respect a charged Leyden jar, and that the 
iici*ves act. the parts of conductors, discharging the accumu- 
lated electricity of the inner surface of the muscle in the same 
manner as a discharging rod connects the extepor and inte- 
rior coating of a jar. 

Tlv contraction is therefore supposed to be produced by 
the exciting influence of the electricity ; and in jiroof of this 
tlieory, he states, that it is not necessary to use a metahic or 
*other substance, but that parts from the body of the animal 
are sufficient for the jiroduction of all the cfTects, as he found 
by applying the lumbar nerves to the crural muscles. Still 
he acknowledges that the eflects are more evident w'hen a 
metallic arc is employed, and chiefly so when the parts are 
united by two metals. 

In these experiments we have the first glimmering of a 
science, which, in less tlpm half a century, was destined to 
throw a searching light ipto the very recesses of Nature’s 
laboratory. It is curious to observe how nearly (Jalvani was 
led in his investigations to the truVh'; but with a mind already 
strongly possessed in favour of a part icular theorjt, and con- 
sidering every experiment in reference to that theory, it is 
not singular that he should have#})aased by •the most impor- 
tant fact developed in his experiments, that the contractions 
were greatest when the muscles were connected by two dis- 
similar metals. 

ITiE experiments of Galvani w'ere admirably adapted to^ 
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encourage, if not to satisfy, the speculative physiological 
opinions of his day. They instantly, therefore, excited the 
attention of some of the most celebrated philosopliers of 
Europe, who repeated them in various ways, and either re- 
jected the investigations as unworthy of regard, or &o modified 
Galvani’s theory as to suit it to their own particular views. 
Some of th# speculations indulged in were more charac- 
terised by their boldness than their wisdom ; while, on the 
other hand, some were dictated by an uninquiring scepti- 
cism. Professor Pfaff denied the existence of electricity in 
the c^ieriment, and showed that Galvani’s supposition i>f a 
negative and positive state of the muscles, was perfectly un- 
supported by experiment. But although he perceived the 
want of evidence in Galvani’s theory, he did not hesitate to 
make a more violent assumption ; that, the agent developed 
in the experiment was analogous to, if it were not, the prin- 
ciple of life, and yet allowed that it may be conducted by 
metals. Spallanzani admitted that electricity might be the 
cause of the contraction, but imagined it to be obtained from 
external agents, and not from the muscles of the animal. 

Of Dr. Valli’s experiments and o^)inions we must speak 
mtb more particularity, as he has left us a full account of 
the result* he obtained ^ lliis gentleman admitted that the 
contractions were produced by electricity, which he consi- 
dered identical ivith the nfervous fluid. He rejected, how- 
ever, that part of Galvani’s theory which attributes a different 

Experiments on Animal Electricity with their application to Fhysi- 
^ology. London, 1793. ^ 

D d 
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electric state to the two surfaces of a muscle. The evidence 
of the identity of the nervous and electric fluids, may, he 
thought, be established, because the same substances conduct 
both, and those which refuse to conduct the one, equally re- 
sist the pris'gresa of the other. It is strange, however, that 
one, who was no doubt a close observer of facts, should 
have so singularly failed in the establishment o(. his theor}^ 
He first assumes that the ncr\’^ous and electrical fluids 
are the same, and constfqiiently that the agent producing 
the contractions may be called by either one name or the 
oth^*r ; and then he tells us that their identity is pfoved 
*by both being conducted or non-conducted by the same 
substances, or in other words the substances which transmit 
the ordinary electricity are cajmblc of exciting the contrac- 
tions. Under these circumstances it is not surprising that 
he should be aide to prove a ]ierfect identity, and to show 
that attraction is a jirojierty of the nervous fluid as well as of 
electricity. 

But although Dr. Valli’» theory entitles him to but little re- 
gard ; some of his expcriiijents were useful in aiding the pro- 
gress of the science. He observed that the contractions were 
much less powerful when excited t)y common electricity fix)m 
glass or resin. Two metals, he sayi>, arc necessary to pro- 
duce the contractions, and when one has been found suffi- 
cient, it cannot have been homogeneous, of in other words 
there must have been a difference of quality, which he sup- 
posed sufficient ; having obtained the effects from two pieces 
of lead. He found by experiment, that many animals tfe- 
side the frog exhibited the same phenomena from^ the con- ^ 
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tact of metals ; that they could not be produced in animals 
killed by starvation or mineral poisons ; and that those 
which had been drowned might occasionally be resusci- 
tated. 

Dr. Munro of Edinburgh op];)osed these opinions entirely, 
for he could neither believe tlie agent to be electricity, or to 
be identical jyith the nervous fluid. Wluit it might be he does 
not state, but satisfies himself with the belief that it has a 
powerful exciting influence on the ^nervous fluid, to %vhich 
alone he attributes the contractions. 


VOLTA'S TUROR'^. 

From what has been already said it will appear, that all 
the philosophers of whom we have hitlicrto s})oken, either 
considered the contractions to be produced by some un- 
known agent, or by the influence of a species of animal elec- 
tricity, a fluid belonging to thei structure of the body, in 
which the excitement was jiroduced- At the commencement 
of the year 1793, two letters written ])y Professor Volta of 
Pavia, and addressed to Mr. Cavallo, were read l)efore the 
Royal Soeiety. In these communications he expresses his 
entire dissent frvm all the theories that had been proposed to 
account for thtf physiological effects of which we have been 
sjieaking. He admitted that the agent w’as electricity, but 
could not allow it to be obtained from the animal body, 
iflhch less from an opjlbsite state of electricity in the 
^two surfaces of a muscle. His experiments prove® that 
^ D d 2 
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contractions could be produced when the circuit was 
formed between two parts of a nerve or two muscles, or 
between different parts of the same muscle. Reasoning on 
these results, Volta concludes that the contractions are pro- 
duced by » disturbance rather than a restoration o^electric 
equilibrium. The mere contact of the metals, he states, 
does disturb their electricities, and the frog being in the cir- 
cuit of the fluid, is in fact nothing mor e than a delicate elec- 
trometer. Having discovered that this electricity had so 
great an influence on dead animals, he wished to ascertain 
its qffects on the living, and taking a plate of silver andT zinc 
applied them severally to the upper and lower surfaces of his 
tongue. But instead of contraction, as he had imagined, a 
peculiar taste was excited; a fact for which he could account 
when he remembered that the nerves at the tip of the tongue 
were for sensation. Contraction however was produced 
when the nerves at the root of a tongue recently removed 
from a sheep, were acted on by the electricity of the plates. 

Lfooking at the science ^f Galvanism in its present state, 
with the mind occupied by all the accumulated evidence of 
modem research, it is almost impossible to form an estimate 
of the close perception of facts anh the ingenuity of Volts, in 
thus rejecting the theories of his contemporaries, und intro- 
ducing one which at first sight seems so utterly iinprobal)le. 
But it will be observed, that Voka here considers only one 
class of phenomena, those produced when two metals form 
the contact, lliis was noticed by aU those whose attention 
was directed to his theory, and found but few who wefe 
willing to adopt his opinions. ^ 
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Passing over a multitude of writers who commented on 
the discoveries of Volta, and introduced a few modifications 
of the experiments already described, we may allude to 
his second paper, communicated in two letters to Pro- 

t 

fessor (Sren. He commences with a description *of an ex- 
periment which has been very frequently made, and has 
probably b'sen seen, by all our readers. Take a tin basin 
and nearly fill it with lime water or a strong ley ; and after 
immersing the hands in water place them on the basifl, and 
apply the tongue to the fluid ; an acid taste will be percepti- 
ble, lilthough the fluid itself is alkaline. **The stream of 
the electric fluid,” he says, passes from the tin to the alka- 
line liquor, and from thence to the tongue again.” 

Volta divides the conductors of electricity into two classes, 
those which are dry, such as metals and charcoal, and those 
which are fluid ; and the contact of a substance belonging 
to one class with one belonging to the other, is supposed to 
agitate, disturb, or give an impulse to the electric fluid. 

**«Do not ask,” says Volta, <^‘in what manner; it is 
enough that it is a principle, and a general principle. This 
impulse, whether produced by attraction or any other force, 
is Afferent or unlike, botli in regard to the difiTerent metals 

^uid to the different moist conductors ; so that the direction, 

« 

or at least the power, with wUch the electric fluid is impelled 
or excited, is different when the conductor A is applied to 
the conductor B, and to another C. In a perfect circle of 
conductors, where either one of the second class, moist con- 
cftictors, is placed betweeff two different from each other, of 
^ the firsts class, dry conductors, or contrary wise, onf of the 
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first class is placed between two of the second class different 
from each other, an electric stream is occasioned by the pre- 
dominating force, cither to the right or to the left ; — a circu- 
lation of this fluid which ceases only when the circle is 

■ 

broken, a»d which is renewed when the circle is ag&in ren- 
dered complete.’^ 

Volta was now able to explain why contractions were pro- 
duced upon an animcil body by a single metal. To follow 
this great philoso])her <.hroiigh all the experiments and 
reasonings by which he was led to those opinions which had 
a v^^ft influence in establishing the science of galvanism igf 
*quite impossible, but we would recommend a ])enisal of the 
original article, which may be found in the third and fourth 
volumes of Tilloch’s Magay.inc. 

V^olta first states that no stream of electricity can be ob- 
tained by the use of two conductors, how numerous soever 
the alternations may be, and consequently no convulsive ani- 
mal movement ought to be expected. Three elements are 
required, and they may be^cither two liquids and one sWid, 
or two solids and one liquid. A drop of water, a moistened 
sponge, or a thin stratum of soapy or other viscous matter 
when introduced between two metals is, he says, sufBdlent 
for the production of electric currents. "This surjltising ^ex- 
periment, I generally make in such a manher that, instead 
of the piece of metal, I employ^ cup or s\)oon filled with 
water, and then cause a person who holds a perfectly dry 
and jmre stick of tin to touch with that stick the perfectly 
dry sides of the spoon, or cup, at\)ne time, and the water 
contained in it at another. It is wonderful to observe that « 
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as by the latter method the violent agitation of the frog never 
ceases^ the first method does not produce the least agitation^ 
unless by accident there be a small drop of water or a thin 
stratum of moisture at the place of contact.” 

Speaking of that class of Voltaic arrangements in which 
two liquids and one solid are used, Volta says, ** That me- 
thod of co]?^bination in which a metal placed between two 
different moist conductors, for example, lietweeu water on 
one side and a sa])onaceous or saline fluid on the Qther, I 
discovered in the autumn of 17945 and though since that 
• period 1 have repeated the much varied experiments of dif- 
ferent persons, and though I wrote to several corresponden^fti 
respecting it, that light has not been thrown on this new 
phenomenon which it seems to deserve. 

Tlie singular circumstance, before-mentioned, of an acid 
taste being produced when the tongue is brought into con- 
tact with an alkaline liquid, belongs, as you may perceive, to 
this second method of exciting the electric fluid, and putting 
it ki circulation, and shows that|his current is no less strong 
and active than that excited by the first method, namely by 
employing two well-chosen metals, such as lead and copper, 
iren and silver, zinc aifd tin. I Wst here observe, that 
though vfjvith tin alone, placed between water and an alkaline 
liquor, you may obtain nearly the same eflect as that pro- 
duced by two -of the most diflerent metals, such as silver and 
zinc, combined with any conductor of the second class, it is 
easy to obtain the same even in a higher degree with iron 
^r silver alone, when thi? iron is introduced between water 
on the^one side, and nitroius acid on the other, or ydien the 
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silver is applied between water and a solution of sulphate of 
potash.^’ 

Having thus ascertained the principle of Voltaic arrange- 
ments« and the varieties of which they are capable^ Volta 
goes on tojinvestigatc the relations they bear to each other. 
Into this enquiry, however, we cannot at present enter; suffi- 
cient has been said to prove our obligations to Volta, to 
whom Sir Humphry Davy was much indebted in the similar 
investigations he afterwai/ls instituted. 

In March of the year 1800 , Professor Volta again addressed 
the ^yal Society, in a letter to Sir Joseph Banks, who ‘was* 
then the president. The same year it was read and pub- 
lished in its original form in the Transactions. Of all Vol- 
ta’s papers this is without doubt the most important, and if 
we were to say more important than any paper that has been 
since written, we should not give it an undue prominence. 
It was here that he laid the broad and enduring foundation 
to his own imperishable honour, and the science which bears 
his name. It was here he^ first described that instrument 
which, in his own words, ^contains an inexhaustible charge, 
a perpetual action or impulse on the electric fluid, and 
which, whatever modifications it ihay receive, must ever*be 
called the Voltaic Battery. a 

It has frequently happened in the annals of science, that 
the attention of philosophers has bi>en called, *by a combina- 
tion of facts, to a particular investigation, and a great improve- 
ment or discovery has been made simultaneously by persons 
who have had no means of inteilourse. At other timeS 
claiinaii;;s have arisen ; and because they thought of some- 


* *** 
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thing like that which had been discovered, or because they 
despaired of obtaining honour by any other means, have with 
shameless impudence placed an unholy hand on the highest 
honours a man can enjoy — ^the satisfaction of having first 
trod, and alone, a secret path in the fruitful and pleasant 
garden of external nature. Volta, however, enjoyed the ex- 
ceeding ple.Hsure of knowing that there was no rival for 
his fame, none with whom he was compelled to divide his 
laurels. * n 

We must come, however, to the paper itself, and endea- 
Toui" to explain as briefly as possible the several arrange- 
ments by which Volta succeeded in developing a current of^ 
electricity from the mere contact of conducting substances. 
In doing this we shall follow as nearly as possible the 
description he gave of them. 

He first provided himself with a few discs of copper or 
silver, and an equal number of zinc (about an inch in dia- 
meter), also pieces of paper, or some other substance capa- 
ble (f>f retaining moisture, rather rmaller than the plates of 
metal. Having well moistened the pasteboard with salt 
water, he commenced the arrangement of his plates. Upon 
a table or stand he first pl^ed a plate of copper, then one of 
zinc, and then a piece of pasteboard ; on this another plate 
of copper and jxisteboard, continuing the alternations as fre- 
quently as req<aired, the pasteboard discs being previously 
well moistened with water, or, as is preferable, acidulated 
water. This instrument is called Volta’s Pile, and from 
about twenty pairs slight shocks resembling those of a 
^ weakly charged battery, or of an exhausted torpeda^ were 
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felt. The intensity of the shock he well knew to depend on 
the number of alternations ; for he observed that although 
twenty pairs of plates could only affect a finger, or a small 
portion of the hand, when fifty plates were used both arms 
felt the force of the shock. 

Volta finding the columnar form of his arrangement verj^ 
inconvenient in some respects, invented anf)ther, which 
though occupying more space had many advantages over 
the ]i6le. This apparatULS was called the Cottronne de Tosses, 
or Chain of Cups, and is rei)resented in the following dia- 
grajn. “ I dispose,” says Volta, “ a row of several Ijiasins 
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or cups of any matter whatever, except metal, such as wood, 
shell, earth, or rather giass; (small tumblers or drinking 
glasses are the most conAv;nient,) half filled with pure water, 
or rather salt water or ley : they are made all to coimnuni- 
cate by forming them into a sort of chain, by means (9t so 
many metallic arcs, one arm of which so or oiHy the^ ex- 
tremity of s immersed in one of the tumblets, is of copper or 
brass, or, still better, of copper (Elated withVsilver ; and the 
other za, immersed into the next tumbler, is of tin or zinc. 

I shall here obsen^e that ley and other alkaline liquors are 
preferable when one of the metlils to be immersed is titi ; 
salt Vinter is preferable when it is zinc. The two qietals of^ 

1 
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which each arc is composech are soldered together in any 
part above that immersed in the liquor, and which must 
touch it Avith a surface siifliciently large : it is necessary, 
therefore, that this i)art should be a plate of an inch square, 
or very little less ; the rest of the arc may be as much narrower 
as you choose, and even a simple metallic wire. It may also 
consist of a-ihird metal different from the tAvo immersed in 
the tumblers, since the action on the electric fluid which re- 
sults from all the contacts of scA’^jral metals that immedi- 
ately succeed each other, or the force Avith which this fluid 
•is atf^last impelled, is absolutely the same, or nearly sq, as 
tliat which it Avould have recciA^ed by the immediate contaci* 
of the first metal with the last, Aviihout any intermediate 
metals, as I haA*c ascertained by direct exi)eriinents. 

“ A series of thirty, forty, or sixty of these tumblers con- 
nected with each other in this manner, and ranged either in 
a straight or curA'ed line, or bent in eA'ery manner possible, 
forms the whole of this new ajiparatus, Avhich is in substance 
the «amc as the columnar one above described ; as the essen- 
tial jiart, AA'hich consists in the immediate communication of 
the different metals AV’hicli form each couide, and the medi- 
atewommimication of onc'’coiq)lc Avitl* the other, namely by 
the inter reiition of a humid conductor, exist in one as well 

f« 

as the other.” - 
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Having traced the history of Voltaic Electricity to that 
period whf.n he whose name is given to the science dis- 
covered an arrangement by which the fluid can be obtained 
in large quantities, we must abandon the historical style and 
adopt the descriptive. Both the arrangements proposed by 
Volta ,are exceedingly defective, and have consequently been 
superseded by others. The pile when it consists of a num- 
ber of pieces, is very troublesome, not only because it fekes* 
^ long time to erect it, but also because the liquid in the 
lower cloths is pressed out, and the action is diminished. 
Volta was aware of this, and in consequence invented the 
Couronne dc Tasses, which is, however, much less effective, 
and has been entirely abandoned by modem inquirers. 

Mr. Cruickshanks was the inventor of that arrangement 
long called, by way of distinction, the Voltaic Battery. It 
consists of copper and zif,c plates, cemented into a water- 
tight trough, fig. 81, of >yell-seasoned wood, at short dis- 
tances from each other. A copper plate terminates the 

t I 

Fig. 81. 



series at one end, and a zinc plafe at the other, as in tlfe 
pile. When the instrument is to be put in action, thq trough ^ 
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is filled with water containing a small proportion of sulphuric 
acid. Those who first used the instrument were accustomed 
to say^ that the liquid should be of such a strength that a 
stream of gaseous bubbles might rise from a piece of zinc 
immersed in it. 

In using the trough battery, however, the experimenter is 
subject to n^uch inconvenience, and especially that arising 
from the very rapid exhaustion of its power. The quantity 
of acid in each trough is so small ^ that it is soon satiprated 
with the oxide of zinc, after which there can be no fuither 
•acti6n. Nor indeed when the instrument is used under the 
most favourable circumstances, do we ever obtain its ful? 
power. In making a course of experiments it is exceedingly 
annoying to know that the power of the instrument is every 
moment becoming fess and less from the action of the acid 
on the metal, and the trouble of filling and emptying large 
troughs, not only interrupts but w'astes much time. Another 
construction has therefore been adopted, and in this the 
plates are so arranged that they ipay be removed from the 
trough when the instrument is not wanted, and its energy be 
coiisequeiitly preserved. 

Jt was afterwards disco^ered that K greater galvanic action 
may be dc'veloped by having the copper plate of a larger 
5*17^ than the 7,inc, the maximum proi^rtion being about 
seven to one. #I)r. Wollaston on this account proposed that 
the zinc should be surrounded with copper, as in fig. 84 , 
and it is calciilated that a trough constructed in this manner 
exceeds any other by the*whole power, and it is e'vident that 
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the chemical action must be in this proportion, for both 
sides of the zinc arc acted upon. 

Wc have hitherto spoken of the electrical effects produced 
by two dissimilar metals and an oxidating fluid, ca])able of 
acting on pne more than the other, and wc have* taken as 
our example zinc, copper, and an acid solution ; but a Vol- 
taic arrangement may be formed consisting of (we solid and 
two liquids. 

Eveyy galvanic combin^jition must consist of three elements, 
and one of these must be a solid, the other a fluid ; the third 
may be either a solid or a fluid, and its being the one ol the* 
^ther will place it in a jjarticular class. Of all the solid ele- 
ments capable of fanning galvanic combinations, the metals 
and charcoal are the most efficacious. Of fluid elements 
those which produce the greatest chemical action upon the 
solids are to be jireferred, such as the mineral acids, alka- 
line solutions, sul[)hurcts, and solutions of neutral salts. 
The energy of the combination will depend upon the chemi- 
cal action, and electricity cim never be excited if there lx; no 
chemical energy, llius silver, gold, and distilled water do 
not constitute a galvanic circle, because no chemical action 
is developed, but an a*ldition of *a small quantity of nitric 
acid will render it active in the production of that agent. 

For the development of electricity it is necessary that the 
three elements should form a ck'cle. ITui'^, jf a plate of 
copper and zinc be in contact at one of their extremities, the 
other being immersed in a diluted acid, a galvanic circle will 
be formed. There will here be a Current of positive clectif- 
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Fig. 82. city passing from the zinc to the acid ; 

from the acid to the copper^ and from 
the copper to the zinc; as shown by 
the arrows in fig. 82 ; and there will 
] also be a current of negative electricity 
y j \ \ circulating in the opposite direction, 

/' / \ \ from the zinc to the copper, from the 

coj)per to the acid, from the acid to the 
zinc. Tliis eflect is produced only so 
long as the metals are in contact ; as soon as they are sepa> 
xated, the current ceases. 

A communication may be established between them*by a» 
metallic wire, fig. 83, or two wires, one attached to each 
])late, and we shall still have a Voltaic combination. The 

Fiu. 83. 




direction of the positive electricity is, in the fluid, from the 
zinc to the copper, in the wire, from the copper to zinc. 
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as shown by the arrows. The negative electricity will of 
course take the opposite direction. All arrangements con- 
sisting of a single ternary combination of elements are called 
simple circles or batteries, and it is easy to see in this in- 
stance which is the positive, and which the neg&tiye end. 
ITie positive electricity, as we have already shown, issuels * 
from the wire attached to the copper, and enters J:hat belong- 
ing to the zinc, and therefore the copper must be the positive 
side, and the other, that is the zinc, must consequently be 
negative. 

When a number of these ternary elements are combined,, 
«r.hey* form a compound circle : to this class all the piles and 
batteries of which we have spoken belong. Let fig. 84 re- 
present the section of a compound battery in which the zinc 


Fig. 84. 



and copper plates Z and C are combined in pairs connect^ 
at theiii^ upper edges by small slips of metal. Each pair is 
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immersed in a separate vessel containing diluted acid. The 
direction of the electric current is the same in the compound 
as in the simple battery, that is to say, the stream of positive 
electricity is constantly circulating from the zinc to the cop- 
j)cr thrpitgh the fluid in each vessel ; and then from the 
coijper to the zinc of the next vessel, through the metal that 
coiin<ects them, and so on to the end. It is therefore evident 
that in a compound batter)' the zinc end will be the positive 
pole ; and it will be equally clear that this variation from the 
simple battery, the copjier being in that instance positive, 
jloes? not arise from any difference in the directive motion of 
the electricity, but only from the combination. • 

Having premised these few obsen^ations we may now pro- 
ceed to consider some of the facts relating to the two classes of 
voltaic combinations ; and first of that which consists of two 
solids and one fluid, llie turangeinent we have hitherto 
Uiken has been the one commonly employed, coj)per, zinc, and 
diluted acid, but a great variety of other substances may he 
iisc(l. Bearing in mind the prjncijde to which we have 

alr(*ady alluded, that chemical action must be devcloj)ed, 

* 

any substances may be c'lnjdoyed. 

Ijagrave has stated that^he formed^i galvanic arrjingement 
by alterngLte layers of muscle and brain with pieces of moist- 
<*ned cloth intejrposcd. D^. Baconio m.ade a pile of only 
vegetable sub^anccs anfj obtained electricity sufficiently 
strong to produce contractions in the muscles of a frog. 

It is found when metals and an acid are used, that the 

M 

I^)wer of the conibinatioi^in the production of electricity will 
be in proportion to the oxidability of the body, and injireover 


£ c 
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that every oxidable metal is positive in relation to every 
other^ which is less oxidable than itself. The following is a 
table given by Sir Humphry Davy, of the metals in the 
order of their oxidability, — and every substance is positive 
when used with either of those below it : — 

I 


1 Potassium and its amalgams. 

1 1 Copper. 

2 Barium and its amalgams. 

12 Silyer. 

3 Amalgam of Zinc. 

13 Palladium. 

4, Zinc. 

14 'Jelluriuin. 

5 Cadmium. 

15 Gold. 

6 Tin, 

16 Charcoal. *■ 

7 Iron. 

17 Platina. 

8 Bismuth. 

18 Iridium. 

9 Antimony. 

19 Rhodium. 

10 Lead, 


Tlic greater the distance lietween 

the two elements, the 


greater will be the electrical effects of the voltaic compound 
they form, thus zinc and iron will form a much weaker 
arrangement than zinc ant^ copper. , 

When alkaline substances are used instead of acids, the 
order of the metals is not precisely the same, and there are 
some acids which will, 'when used, change the relative oiifder 
of the metals ; with the hydro-sulphurets, the ord^r is still 
more confused. 

Tlie second class of galvanic « circles consists of those 
which are comx>osed of one solid and two fluid elements. In 
this arrangement it is necessary to separate the two flpids, 
which may be done by placing them in two distinct vessels, 
and cav<sing them to communicate by means of a bent tube, 
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containing a conducting liquid. Sir Humphry Da\y used, 
in some of his experiments^ fibres of moistened asbestos 
instead of tubes. 

Da\y, to whom the science of electricity is so much in- 
(iebted^^has divided this class into three kinds of circles. 

- 1 . lliat in which a single metal is so placed as to have its 
opposite sides acted upon by different liquids, one having a 
power to oxidize, the other being destitute of any chemical 
action. Zinc having acid on one side, and water on the 
other, is a circle of the kind. This arrangement is very 
feeble, and its effects can scarcely be detected unless one of 
the most oxidable metals be used. Sir Humphry bavy* 
states that a jiUe formed of tin, acid, and water, and consist- 
ing of about twenty alternations will decompose water slowly, 
and give a slight shock. If wc compare this class of galva- 
nic arrangement with that before described, in which two 
metals and an acid are employed, it will be found to difier 
but in one particular — the introduction of a liquid in the 
placf of a sedid ; thus, for instance, water takes the place of 
cop])er. In both cases this third element has the same office, 
that of a conductor between the other two. llie great weak- 
nesg of the electricity devjloped by cmc system, in compari- 
son withjLlie other, may be traced to the difference in con- 
ducting powerSj water having the property in a very inferior 
degree to copper. ^ 

Persons are not generally aware that ])orter and other 
liquors are better when drunk from a metallic vessel, because 

voltaic circuit is forme^. In the act of drinking out of 
a silver ciqj a ternary compound of the same kiin^as that 
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just mentioned is formed. The vessel itself is the solid, 
the porter or wine is the fluid presented on one side, and the 
saliva is the fluid on the other side. As soon therefore as 
the ])ortcr comes in contact with the tongue, the voltaic 
circle is complete, and a stream of electricity i« juit into 
motion which seems to affect in some measure the taste. * 

2. The second kind of voltaic circle consists of a inetal 

I 

which maybe acted upon by sulphuretcd hydrogen, hanng on 
one side a solution of some hydro-siiljdiiiret, and on the other 
water. Copper is the metal most suitable for this purpose, 
but silver or lead may be used. ITiere are,” says Sir Hum- 
ephry, “some singular circumstances connected with the 
\nolent chemical action of copper on solutions of the hydro- 
sulpliurets. When a j»icce of copper has been for a minute, 
in a strong solution of liydro-sulphuret of potassa, on intro- 
ducing a piece of jiolished copjRjr, there is often a strong 
negati\'e charge communicated, which sends a needle through 
a whole revolution — oscillates, returns, and takes the direc- 
tion which indicates that t|ie piece first plunged in is nega- 
tive.” 

Wlien an egg is eaten with a silver spoon, the metal is 
discoloured by the sulpimr contained in the yolk of the ogg, 
and the coiiiliiriation may be promoted by th^ electric 
current, for a voltaic arrangement of the second kind* is 
formed. < 

3. I’he third combination of this^jlass consists of a metal 
acted upon by an acid on one side, an hydro -sul}>hurQt on 
the other. A jiile of twelve or thirteen alternations is suffr- 
cient tOi decompose water. Copper is the metal with which 
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the greatest effects are produced, and next to this silver or 
lead. 

These are some of the most important facts relative to the 
formation of voltaic arrangements, which are, as must be 
^ perccive*d, more frequently present, both in nature*and expe- 
rimental researches, than might be antici])ated. No three 
bodies can b% in contact, a chemical action existing between 
two of them, how slight soever it may be, without putting in 
)noiion currents of electricity. It (annot be doubted that 
this fre(picnlly happens in the arrangement of the solid mate- 
rials composing the crust of our globe, and that considefEible ^ 
currents are thus put in circulation. The atmosphere itself 
in certain conditions may become a member of a vast, natu- 
ral ternary arrangement, the effects of which cannot very 
I'asily be estimated. 

Modern jihilosophers entertain no doubt of the identity of 
the voltaic and ordinary electricities, an opinion formed from 
a consideration of the similarity of effects produced by them. 
But although the fluid is the same*iu both cases, yet it is in 
different conditions : when developed by the machine it i.s 
in a state of great tension ;^in the voijaic battery it has little 
tension, but is set free in large quantities. The intensity 
of the electricity in the former case, is shown by the diverg- 
ence of the quadrant electrometer, hut in voltaic electricity 
the effect is diffSrent, for ; when a wire is conducting a large 
fj[uantity of the same agent, it affords no indication of inten- 
sity bj^ affecting the electroscope. 

Another common result of ordinary electricity is the at- 
traction sf jion-electrifiedj and of dissimilarly electrified sub- 
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stances. Upon this principle the gold-leaf electrometer 
is constnicted, and we have seen that by bringing a very 
feebly excited body, into connexion with the cap of the 
electrometer, the leaves will diverge. But a single pair of 
voltaic pl&tes however large, and whatever amount of elec- ^ 
tricity they may develop, cannot produce this effect. .With 
fifty pairs of plates the electrosco])e is slightly affected. 

From these facts it will aj)j)ear that the intensity of ordi- 
nary electricity is very Superior to that of the voltaic. But 
although the tension of voltjuc electricity is so inferior, yet 
^ it is'capable of feebly charging a Leyden jar, and when thus 
accumulated it may be used for any exjieriment in the same 
manner as that collected from the machine, lliese facts 
also suggest that the tension of voltaic electricity is in- 
creased in proj)ortion to the number of alternations. For 
the jiroduction of all those effects requiring great intensity, 
a number of plates must be employed ; but for the produc- 
tion of calorific effects, surface and not alternation is re< 
quired. 


AMALGAMATED ZINC. 

Voltaic batteries have been recently formed of amalgam- 
ated zinc, and are fotind to have mijiny advantages over those 
of the common construction. Sir Humphry Davy appears 
to have been the first person who employed it in Voltaic 

t, 4 ^ 

arrangemeots. It is, however, quite evident from the man- 
ner in* which he has alluded to it in the Bakerian lecture for. 
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1826, that he had no idea of its general use in the construc- 
tion of batteries, he simply mentions the fact, that zinc in 
amalgamation with mercury is positive with respect to pure 
zinc. 

In the year 1823 , Mr. Kcrap of Edinburgh inserted an 
article in Jamieson’s Philosophical Journal, describing the 
manner in ^which he had constructed batteries of amalgam- 
ated zinc and copper ; and of his researches we shall endea- 
vour to give a brief abstract. « » 

Tlie author first alludes to the difficulty which many per- 
•sons have experienced in making experiments upon \^ltaic 
electricity and electro-magnetism, in consequence of being* 
unable to incur the ex])ense of j>urcliasing suitable apparatus. 
In performing the most important experiments, different 
sets of batteries arc required according to the nature of the 
substances to be acted upon. But even when batteries have 
been obtained, the student has always been subject to delay, 
inconvenience, and even failure, in conseijueiice of the rajud 
oxidation of the zinc plates, wWicli renders them useless 
in voltaic arrangements long be^)re the batteries are worn 
out. 


K*£MP’S PILE WITH MERCURY. 

m • 

It had frequently occurred to me,” says Mr. Kemp, ^^that 
mercury might be used as one of the metals for forming gal- 
vanic apparatus, and from the difficulty with which it is acted 
« upon by most of the acids would answer the purpose of a 
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negative metal better than any other, gold and platinum ex- 
cepted, unless its fluidity destroyed its power of exciting 
galvanic energy.” 

Mr. Kemp’s first apparatus is represented in fig. 85 ; AB 
CD is a circular wooden cup, half an inch deep and tliree 
inches in diameter, with a projecting rim A B. A circular * 

85 . 



II 

jilate of zinc, E F, is attached to the cup, about an inch from 
it by a copper wire, one end of which passes into the bottom 
of the cup with a projection of about one-eighth of an inch. 
The whole of the cup is covered with a coating of wax, care 
being taken that the wire He left exposed ; and the bottofn of 
the cup is covered with mexcury so as to form a sufficient con- 
tact with the wire of the zinc })late. The cup is then nearly 
filled with diluted muriatic acid. In tliis manner the author 
obtains a voltaic arrangement of two fluids and 6ne sohd, 
consisting of zinc, mercury, and acid. * 

In exciting this pile, after the nlercury and’acid have been 
poured into the cups, the ternary arrangements are to be 
placed upon each other as in fig. 86. ** The zinc plate of one 
will then be in contact with the acfll contained in that imme- 
diately Zander it, the cup itself resting upon a small cliieek cut ^ 
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round the lower part of the rim. For the purpose of experi- 
menting with this apparatus, a small brass socket^ G, passes 
into the base, and .communicates with the mercury in the 
undermost cup. Into this socket a hole 
is drilled for inserting the wire. Another 
is attached to the U})permost plate of 
the pile from which a wire can be 
brought to complete the circuit.” 

The object of the author in giving 
a convex form to the zinc plate is to 
facilitate the esca})e of the hydrogen, 
which would otherwise collect and dis- 
place the acid. 

In this arrangement,” says the 
author, “ the zinc, as it is acted upon by 

'..-s metal, is soon corroded, and is liable 

to the same objections as the ordinary 
galvanic a])paratus. And in a battery where the negative 
ratftal is liquid, and the positive l^olid, no increase of power is 
obtained over the ordinary ap])aratas ; a circumstance which 
w(;u]d seem to indicate that the negative liquid metal acts 
mferely the part of a conductor : nor can it while the i)ositive 
remain? solid transmit the full effect of larger batteries, 
but must nect?ssarily reduce it in the same proportion as a 
solid pile. The effect, liowever, would be very different 
were the- positive plate liquid, and the negative solid. This 
I liave endeavoured to accomplish by the following arrange- 
ment, in which the poi^ive plate is an amalgam of mercury 
and zvic.’* • 


Fijy. 

mi 
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The fornl of this pile is the same as that already described, 
with this difference, that instead of pure mercury, copper is 
used as the negative plate ; and instead of zinc, aVi amalgam 
of zinc and mercury is the jiositivc one : and whether we 
take into consideration thd new field it ojiens for tracing the 
laws governing galvanic action, its powerful effects on the 
magnet and in the coiribtistion of metal, or the rapidity 
with which it decomposes imperfect conductors, this instru- 
ment must be acknowledged of some importance. 

A B C D, {see fig. 85,) represents a circular wooden cuj) 
half an inch in de])th and three in diameter, having a pro- 
jecting rim A B. H is a small button of wood turned on 
the bothim of the cup at its centre, and projecting one-cighth 
of an inch from it. £ F is a circular jdate of coj)per attached 
to the cup by means of a wfre of the same metal on whicih a 
screw is formed. ITie wire jKasses through the cup and screws 
into a brass nut which is^ sunk into^the inside of it, the cop- 
per plate being kept at its proper distance by the button *’of 
wood, llie hole is rendered tight by a coating of \Jax, cafe 
being taken to keep the mit and the projecting point of the 
wire uncovered. * ^ 

The copper plate is perforated with holes to allow the 
hydrogen, as it is formed at the surface of the zinc knd 
mercury, to pass up through it and escape. A plate of wire 
gauze, d/ a copper wire coiled round, so as to form ar plate. 
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will answer the purpose equally well, as it allows the hydro- 
gen to pass freely through the interstices. 

A quantify of liquid amalgam of zinc and mercur}% merely 
sufficient to cover the bottom, is to be poured into the cup, 
whicli will be in contact with the copper plate K F, through 
the medium of the nut and wire. Over this is poured as 
much dilitte muriatic acid as will nearly fill the cu}). In this 
manner wc obtain one complete combination, consisting of 
coi)pcr, the amalgam of mercury*and zinc, and the acid. 

The amalgam of zinc and mercury in this arrangement 
becomes the jiositive plate, wliile the copper is r<indered 
negative. 

To form the amalgam small pieces of zinc with about four 
times the weight of mercury, must be placed in a crucible, 
and exposed to the action of an intense heat, any quantity of 
mercury required being added when the metals are united. 
When thus prepared the amalgam may be kept for any 
length of time in earthen or glass vessels, which exclude it 
fr&m the action of the atmosphere. After continued use the 
zinc will be expended ; but sotlong as any portion of this 
metal remains in combination with the mercur}', the pile 
\^11 continue in activity, and afterwards the same process 
yf amsSganiation may be easily repeated. 

The fluid medium used by Mr. Kemp consisted of one 
part of muKatic acid,*two of muriate of soda, and ten of 
water. Each cup of an intended pile is first charged with 
thfe amalgam, which need not be more than sufficient to 
* cover the bottom of tlie vessel ; upon which is poured the 
fluid Aiedium. To form a pile of this constructieffi, a series 
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of these alternations must be placed upon each other as in 
ii^. 86 ; the cojijier plate of each being in contact with the 
acid of that beneath it. 

One of the most important adv^antages of this pile is, that 
it may remain a long time in action without any decrease of 
galvanic action. Tn the common arrangement of zinc, cop- 
per, and dilute acid, the full energy of the battefy is only 
obtained at the instant the ])lates are immersed, for at the 
termination of each successive period, the power is less than 
at that preceding. This seems,” says Mr. Kemp, " to de- 
pend U{)on the particles of zinc, which having perfect free- 
dom of motion in the mercury, art attracted by the copper 
plate with which they are in contact, through the medium of 
the wire, and by this means, the mercury alone is exposed 
to the acid, which has no action upon it. But upon the 
destruction of the electrical tension, by completing the cir- 
cuit, the particles of zinc are no longer attracted by the cop- 
per plate, and having perfect freedom of motion in the mer- 
cury, rise to the surface, afte acted upon by the acid, ahd 
have again a tendency to restore the pile to its former state 
of tension. It will thus be jierceived, that the action going 

I I , 

on in the pile, and, consequently, the quantity of electricit^’^ 
evolved, are each in exact pro])ortion to the con&uctinj^ 
power of the substance employed to complete' the circuit.” 
In the common arrangement the metal is, as we^iave already 
seen, soon oxidated, but in this, little or no oxide is formed 
on the amalgam, for the particles of zinc are immediately 
taken up by the acid. ** 

From au article in the Annals of Electricity, we learp that 
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Mr Sturgeon also made some experiments on this subject, 
the results of which were published in 1830, in his Experi- 
mental Researches. Without examining with any degree of 
minuteness this pajier, we may be permitted to make one 
((uotafioh from it, as calculated to give the reader^ a just con- 
Ve]>tioii of the probable value of amalgamated zinc in voltaic 
arrahgeine|)ts. Were it not on account of the brittleness, 
and other inconveniences occasioned by the incoqioration of 
the mercury with the zinc, amalgamation of the sur^ices of 
zinc plates in galvanic batteries would become an important 
• improvement ; for the metal would last much longer, and 
remain bright for a consideralile time, even for several suc- 
cessive hours — essential considerations in the employment of 
this ap])aratus. 

“ Notwithstanding the inconvenience, however, the im- 
provement afforded by amalgamating the surfaces of zinc 
plates, becomes avaihible in many experiments; for the vio- 
lent and intense chemical action which is exercised on zinc 
by *4 solution of sulphuric or muriatic acid, with the conse- 
quent evolution of heat, and annoying liberation of hydrogen 
have no place Mhcn the jdates are amalgamated, "llie action 
is tranquil and uniform, &nd the disengagement of the gas, 
which im trifling, occurs only when the circuit is complete, 
aii8 . at the sui;face of the copjicr plate only. The electric 
powers are hq^ily exalted) and continue in play much longer 
than 'with pure zinc ; and the only care of the experimenter 
is to^prevent,the copper, or wliatever metal be substituted, 
f§oin becoming amalgamated.’’ 

M. Masson recommends, in the Annales do Chi^e, the 
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following siTn])le method of preparing amalgamated zinc 
plates for voltaic arrangements. After having placed on the 
zinc a little mercury, pour U]>on it dilute sulphuric acid, and 
rub the mercury over the surface of the zinc with a jriece of 
linen. Thq, amalgamation goes on very rapidly, if a small 
quantity of dilute acid be occasionally added. 


r PROFESSOR IJANIELE’s BATTERY. 

lliq, importance of obtaining the best possible arrangement * 
for the production of voltaic electricity is so evident, that we 
need not make any apology for the introduction of a few 
extra pages on this subject, find especially for a short account 
of Professor Danieirs battery. Fig. 875 is? sectional draw- 
ing of Daniell’s battery, and we shall follow the inventor’s 
description as nearly as ])ossi]>le. abed a cylinder of 
copper, six inches high and three and a half wide, open at 
the top a by and closed at tjie bottom c d, except a collar <?/, 
one and a half inch wide, ^intended for the reception of a 
cork, into which a glass syjihon tube, g h ij k, is fitted. On 
the top a by a copper collar, corrcsjJbnding with the one aUthc 
bottom, rests by two horizontal arms. A membranous tube 
is drawn through the lower collar e f, where it is fastened liy 
a cork, a communication being loft ojien wi^h the syphon 
tube, so that when filled to the level m o, the liquid may flow 
out at k. The upper part of the membrane Im no is fasfj^ned 
with twine. The syphon tube is t^ttached when the meif- 
brane hiss been fixed. Various connections of the copper 
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and zinc of the different cells may be made by means of 
wires proceeding from one to the other.” 


Fiff. 87. 



The* arrangement ultimately adopted by Professor Daniell 
IS described as follows, in a letter addressed to Dr. Fiiraday. 
“'^rte increase of the number of the* battery series requires, 
for convenience, a different arrangement from that I described 
in lay last communication ; and 1 now ]ilace the cells in two 
paraUel lines pf ten eacl>, upon a long table, the S}q)hon 
tubes arranged oiqiosite to each other, and hanging over a 
smalj glitter, placed between the rows, to carry off the refuse 
^^ution when it is necestnry to change the acid ; and as the 
uniformity of action may be completely maintainec^ by the 
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occasional addition of a small quantity of fresh liquid, I have 
been able to dispense with the cumbrous addition of the 
dripping funnels. Hiis arrangement admits with facility of 
any combination of the plates which may be desired.** 


MR. MULLINS^ SUSTAINING BATTERY^ 

Without entering into the dispute between the friends of 
Professor Daiiiell and Mr. Mullins as to the priority of in- 
vention in the introduction of the sustaining battery, wc, 
fihall now give the description of the instrument proposed 
by the latter gentleman in his own words, referring the reader 
for further information to the original article 

The battery I generally use for my own purposes con- 
sists of ten pots each, containing a single arrangement, and 
constructed in the following manner. Close to the inner 
surface of an earthenware pot four inches high, and two and 
a half wide, is fitted a cylinder of zinc, the depth of whifh is 
about a third of the depth of the ])ot : a small jriece of zinc, 
about half an inch wide, rises above the level of the remain- 
der, about an inch ; and to this is sAildered a narrow ribbqp of 
cojqjer, which rises to the top of the pot, and pro^cts over 
it about five inches, for the purpose of comnyinicating with a 
mercurial cup. Within this cylinder of zinc,^and as close to 
its surface as possible, stands a copper vessel the height of 
which equals the depth of the pot. This vessel is^ two 


* Annals of Electricity, voL i. p. 205. 
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and a quarter inches wide, and has either a wooden or 
copper bottom, water-tight. Round the upper edge of this 
cylinder, and •external to it, is soldered a rim of copper about 
a quarter of an inch wide, on the outside of which is formed 
a groove ’all round: in the upper surface of tlys rim are 
two holes as large as it will allow, for the purpose of draw- 
ing <iJr the f|)iarge or siipjilying it. The cojjper cylinder thus 
constructed is placed ujK)n a flat circle of cork, open in the 
centre, and jirojecting as much from the outer surface pf the 
<()]»l>er below, as the rim does above: this cork is bound 
iround with strips of membrane, and a thin calf or j)ig’s 
I (ladder previously steeped in tepid writer is drawn over the * 
cylinder, the use of the cork being to preserve the membrane 
from contact with the copper : the bladder is drawn tight 
and fastened by a string round the groove in the rim before 
described. A narrow l)aiid of co})pcr is soldered to the upper 
edge of the cylinder, and the batter}'^ is now fit for use. In 
charging it 1 use tw'o solutions : that in contact with the 
zinc J>eing one ])art of a saturated solution of muriate of 
ammonia to five of water, and that in contact with the coj)- 
per a saturated solution of sulphate of copj^er.” 

Rtfore we close our remfu'ks on the*instruments employed 
in the prc^luction of voltaic electricity it will be necessary to 
refel* tihe reader tp the manner in which the sustaining bat- 
teries are no>v ^connected,# a plan proposed by Mr. Clarke, 
and as it ap})ears, by far the most convenient yet adopted. 
'I’he batter}^ is represented in the diagram at the head of this 
t l\j^pter, and eonsists of "mn jars arranged in parallel rows, 
hi a case having a partition dividing it lengthways in^^ equal 

rf 
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parts. Upon the imrtition is fixed a series of circular blocks 
filling the spaces between the jars. In each block four holes 
are formed to contain mercuryj and take the conducting 
wires. Fig. 88, is a plan of the arrangement of the wires, 
those frooi} the zinc ])lates being in the line e, and those from 
the copper in the line/. 


I 

r»8. 



Fig. 89, is a sectional drawing of this method of forming 
the connections. It is called the intensity conductor, and 
consists of a sli]) of mahogany to which copper wires are at- 
tached, the cop])er and zinc elements being connected alter- 
nately throughout the series, , 


* Fig. 89. 



Fig. 90, represents the quantity>conductor, which consists 
of two brass rods with wires, so attached as to fall into the 
mercury cups. By using this mathod of conduction all 
copper^elements are united together, and at the same time 
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all the zinc, forming an instrument called a calorimeter, 
an arrangement first described by Professor Hare of America, 
and deri\ang*its name from, its great calorific power. 

. Fig. 90. 


FARADAY ON THE BATTERY, 

• 

In the tenth series of Electrical llesearches. Dr. Faraday 
has made some remarks on the battery of which we must 
give a general account before we attempt to speak of the 
effects to be obtained from the electricity it developes. The 
chemical forces of a voltaic arrangement are divided into two 
])orlions, the one is local and is lost, the other is transferred 
round the circle, and constitutes the electric current of the 
iristitumeut. In the open battery* all the action is local ; and 
in the ordinary battery much is Ipst, even when the circuit is 
completed ; but in an arrangement descri]>cd by the Doctor, 
“all the chemical power circulates and becomes electricity.” 

If a vl^ltaic circuit were formed of zinc and platina, the 
latter surrounding the former, as in tlie double copper 
iirrangement,4lilute sulphuric acid being used, no insulating 
division would be required. 'Jlie resistance to the passage 
of the current at the place of decomposition would stop the 
•irrent, and act as insulation to the electricity of contiguous 
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Dr. Faraday proposes an arrangement consisting of zinc 
plates, surrounded by copper, similar to Wollaston’s bat- 
tery; the distance between the metallic surfaces being 
about the thickness of paper. Ilis copper plates are sepa- 
rated by tljin veneers of wood. Tlie zinc plates were cut 
from rolled metal, and had the form represented at A in fig“ 
91, ^^lliey were bent over a gauge into the farm B, and 
when ])acked into the wooden box, constructed to receive 
them, jvere arranged as in. C ; little plugs of cork being used 


Fig. 91. 



m 

to keep the zinc plates from touching the capper plates,- and 
a single or double thickness of cartridge papa’- being inter* 
posed between the contiguous surfaces of copjier.to prevent 
them from coming in contact. Such was the facility afforded 
by this arrangement, that a trough of fifty ]}air8 of platw 
could be unpacked in five minutes, and repacked a^ain in ^ 
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half an hour, and the whole series was not more than fifteen 
inches in length.” 

A trough consisting of forty pairs of tlirec-incli plates of 
the new arrangement, was found to be quite ecpial to forty 
pairs df four-inch, constructed after the old arraii^eraent, in 
the ignition of platina wire, in the discharge between char- 
coal points^ and in giving a shock. 

Dr. Faraday performed a series of ingenious experiments 
to ascertain the quantity of metal oxidized and dissolved by 
the two difierent arrangements, and by them he is brought 
*to the conclusion that “ no doubt can remain of the eifiiality^ 
or even the great sujjeriorily of this form of voltaic battery 
over the best previously in use, namely, that with double 
coppers, in which the cells arc insulated. The insulation of 
the coppers may, therefore, be dispensed with ; and it is that 
circumstance which principally permits of such other alter- 
ations in the construction of the trough as gives it its prin- 
cipal advantages.” 

'Hie doctor then proceeds to sttite the advantages and dis- 
advantages of the arrangement, Ivit our space will not allow 
the mention of these. He has also shewn that the battery is 
better charged with nitric than either sulphuric or muriatic 
acid, and that nitric acid with the sulphuric may be advan- 
tageously employed. Two hundred parts of water, four and 
a half of oil o& vitriol, and* four of nitric acid is recommended 
as tlie best liquid. From other experiments by the same 
philosopher it appears, that the loss of zinc plate is not ac- 
cording to the strength hf the acid. When eight parts of 
nitric acid was used with two hundred of water, emih plate 
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lost 1'854 equivalent of zinc, when sixteen parts, 1'82 equi- 
valent, — when thirty-two parts 2‘1 equivalents. 

ITie purity of the zinc is of the greatest importance, most 
zincs when put into sulphuric acid leave more or less of an 

t 

insoluble ir^atler ui)on the surface in the form of a* crust, 
which contains copper, lead, iron, &c. in the metallic state.” 
No gas should rise from the zinc plates; theMarger the 
quantity generated on these surfaces the greater is the local 
action.* Rolled Leige or FJosselman’s zinc is the best. 

It may be still further stated that when the zinc and cop- 
oer palates are near, a greater force is gained than when* 
they are far apart. Whatever retards the circulation of 
the electricity, increases the proportion of that which is local, 
and of course decreases the amount of that which is trans- 
ferred round the circle. The liquid has this retarding force, 
and therefore weakens the power of the battery. 

Many other Voltaic aii angements have been proposed, all 
of which are in some degree worthy of attention, and some 
of them exceedingly valuable. We have, however, already 
devoted as many pages to the subject as seemed consistent 
with the character of this book, and the importance of the 
subject. We might now proceed at once to consider *the 
effects of voltaic electricity as classed under the general heads 
physiological, chemical, luminous, heating,*^ and magnetic; 
but if we may premise that water Ss well as nvuiy other sub- 
stances are capable of chemical decomposition, there can be 
no objection to the mention in this place of an instrument 
by which Dr. Faraday proposes to'test the power of voltaic 
batteries. 
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“ I consider,” says this acute observer, “ the foregoing 
investigation as sufficient to prove the very cxVaordinary 
and im])ortant principle with regard to water, that when sub- 
jected to tlfc influence of the electric current, a quantity of 
it is decomposed exactly proportionate to the quantity of 
electricity which has passed, notwithstanding the tli£>usand 
variations in the conditions and circumstances under which 
•it may at the time be placed ; and further, that whqn the 
interference of certain secondary eflecis, together with the* 
solution or re-combination of the gas and the evolution of 
air, are guarded against, the products of the decomposition 
may be collected with such accuracy, as to afford a very ex- 
cellent and valuable measurer of the electricity concerned in 
their evolution.” 

Dr. Faraday consequently pro])08ed some instruments, by 
thc-^use of which, with a voltaic arrangement, water may be 
decom])osed, and the quantity of electricity determined by 
the volume of the gases. In many cases,” he says, “when 
th(i» instrument is used as* a comparative standard, or even as 
d measuffer, it may be desirable to collect the hydrogen alone, 
as being less liable to absorption or disappearance in other 
ways than tl)p oxygen ; awhilst at the same time its volume 
is so larg^ as to render it a good and sensible indicator.” 
Tliore are, however, “ two general forms of the instrument 
• 

* See 7th Section of Exjwriuientul Researches. ^ 
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Avhich I submit as a measurer of electricity. One, in which 
both the gases of the water decomposed are collected ; and 
the other, in which a single gas, as the hydrogen only, is 
used. When referred to as a comparative instrument, it will 
not often lecpiire particular precaution in the obser\'alion ; 
l)ut when used as an absolute measurer, it will be needful 
that the barometric pressure and the temperature be taken 
into account, and that the graduation of the instruments 
should'be to one scale ; tlie hundredths and smaller divisions 
of a cubical inch are quite lit for this purpose, and the hun- 
dredth may be very conveniently taken as indicating a degree * 
of electricity.” 

A modification of this instrument we have been for some 
time past in the haliit of using, and have found it a most 
important aid in ascertaining the relative quantity of electri- 
city obtained from diiferent batteries. An anonymous writer 
has, however, attacked Dr. Faraday, and (rharged him with 
the appropriation of an invention made by, and belonging to 
another. ITie name of Fartiday is, and ever w^ill be, so asso- 
ciated with the progress of the science of electricity, and 
to the honour of our country, that^ we shall not step far out 
of our path, even in an introductory work, by enquiring into 
the truth of the accusation. This we shall do with fiie mo^e 
confidence, because some historical infonnation will be*, at 
the same time, communicated to the reader. 

The charge is made upon the faith of the following pas- 
sage from Donovan’s Galvanism. ** Robertson also describes 
an instrument, the principle of w^ich has been since fre? 
quently ujed for measuring the decomposing energy of any 
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galvanic scries. It consists of a tube of glass filled with 
water, and contiiining a wire at each end, which comes very 
near the othtfr within. The tube stands vertically, and is 
graduated at its upper end, so that the water is resolved into 
gases, *1116 quantity of which, being ascertained the scale, 
gives, when compared with the time, the energy of the 
series.” ^ 

'Flic ambiguous manner in which the last sentence is ex- 
pressed is calculated to mislead the reader, or at leasts to give 
an opportunity for a doul)lc construetion — whether it was. 
* the quantity of water decomposed, or of the gas into *which 
it was resolved, that was taken by Ro])ertKon as a measurer 
of Voltaic energ}" does not appear. I'he following transla- 
tion from the original memoir will prove that it was the 
former. 

When a science advances, and its j)rinciplcs begin to be 
developed, it reeptires a variety of a])paratus, and much atten- 
tion in pursuing the study, so as to distinguish reality from 
api^barances. In galvanic expe^fiments an instrument has 
been much wanted, sufficiently /Iclicate to enable experi- 
menters to observe the presence, course, and especially the 
action of this fluid. In the absence of new discoveries, and 
until deeper researches produce one more i)erfect, a descriji- 
tioB of that which I erajdoy may be useful. It consists of 
a tube eight inches long,'^nd one-twelfth of an inch bore, to 
contain water. Into one of its extremities is inserted a piece 
of ainc, and into the other a piece of silver, which extend to 
within an inch of the celitre of the tube. Tliat part of the 
glass ^hicb contains the zinc is divided into a scal^ of one- 
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tenth of a line, and at this end of the lube is a cock by* which 
water is introduced, and from which, when the apparatus is 
in action^ the air escapes, 

''In making use of this instrument it must he placed 
within the {Galvanic circle or current, and the bubbfes* which 
appear at the extremity of one of the pieces of metal indicate* 
the presence of the fluid, and the increase or diifxinution of 
the quantity of these bui)bles, is denoted by the divisions 
marked on the scale. Thug, by noting the time, the greatest 
and least activity of the galvanic current may be ascer- 
tained^ 

* " This instrument appears to me to indicate very correctly 
the appearance and progression of the current, by which the 
stream of bubbles, sometimes flowing from both pieces of 
metal, is ])roduced. It may perhaps embarrass philosophers 
to account for the current having this effect on both pieces 
of metal: — it may be caused by the nature of the metals, 
their quantity or quality, or even by the hygrometric or baro- 
metric state of the atmosjdigre.” • 

From this account it is quite evident that the instrument 
was intended as a measurer of Voltaic action by the decom- 
position of W’ater ; and so far Dr. I^araday was jireceded 4y 
Robertson. Whether he was aware of this or not, is^scarcely 
a matter of doubt, for there is no philosopher in the present 
day more willing to acknowledge atid give full* merit to the 
discoveries of his contemporaries. In what other point there 
is the slightest resemblance between the instruments pro- 
posed by Faraday as measurers oS Voltaic electricity, ani 
that usef^^ by Robertson we cannot discover. In thejatter. 
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Voltaic action was determined by a diminution in the bulk of 
water, for the tube was filled, and the stojicock was left open, 
that the gasAi might escape : in the former by the gases 
f)btained from decomposition. Bui it must also be remem- 
l)ercd chat Dr. Faraday was not led to the inveijltion of his 
instrument by any loose conjecture, or a recollection of any 
previous iftsstrument, for he reasons from a principle. lie 
bad previously ascertained that the decomposing action of a 
current is constant, for a constayt ejuantity of electricity, 
whatever may be the circumstances under which the electri- 
*city is acting ; and directed by this law, he endeavoured 
to construct a suitoble instrument to measure the subtle* 
agent. 


niYSTOLOGICAL EFFECTS. 

'Jhe physiologicd effects resulting from the passage of 
Voltaic electricity through the aniincd body, were the means 
of hitroducing the agent itself tp the attention of philoso- 
})hers, llie circumstances under which the first experi- 
ments were made, the theories that were formed, and the 
construction of the battery, have Been already mentioned. 

As the isize of the batter}% or rather the number of alterna- 

•• 

tions was increased, the effects became more striking ; ani- 
mals of a large size and tfv'en the human body were made to 
exhibit contnictions so violent, as even to be terrific to the 
spectator; the convulsive muscular motion giving all the 
indications of excessive agony, and of returning life. 

Similar experiments have been made both in tUs and in 
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Other countries upon the bodies of criminals immediately 
after their execution. Aldini operated with a great number 
of plates upon the body of a man who had bee'n executed at 
Newgate, and succeeded in producing ^'iolent agitation of 
the limbs.,, But the most remarkable experiments wei^e those 
made by Dr. Ure on a malefactor at Glasgow. A pointed 
rod connected with one end of the battery was* introduced 
into the neck, while another rod from the 0]>posite end of 
the battery was connected with the heel, and the knee being 
previously bent, the leg was thrown out with such violence 
as nefirly to overturn one of the assistants. The muscles of* 
Vespiration were, afterwards j)ut info action by directing 
the fluid through the phrenic nerve. The head was then 
brought under the influence of the Voltaic current, and 
the muscles were dreadfully contorted. Rage, horror, des- 
pair, anguish, and ghastly smiles united in giving a hideous 
expression to the face ; and many of the spectators were so 
aflbeted that they were compelled to leave the apartment, 
fearing that life would he intimately restored. • 

Every kind of animal aji^iears t(» be susceptible of the in- 
fluence of Voltaic electricity, llie fishes and vermes are 
peculiarly sensitive. Humboldt says’he has seen fishes, the 
heads of which had been cut oflT half an hour, strike with 
their tails when galvanized in so forcible a iifanner, that the 
whole of the body was raised consliderably ab«we the table 
on which they were placed. Some of the vermes also exhibit 
their excitability under the action of the fluid in a very 'de- 
cided manner. It is easy to prove lliat a current of extrem# 
weaknesiE^has a great effect upon some animals, by ph^cing a 
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leech upon a plate of zinc, and bringing a plate of copper 
(touching the zinc in some point,) in contact with it : the 
animal will instantly recoil as if it had experienced a shock. 
'Jlie same effect will not he produced if it be placed on either 
zinc or«c<5pi>er alone. ^ ■ 

• From this experiment it will be evident that living bodies 
are acted ii^^on by the Voltaic fluid as well as those which are 
(lead. This may be proved with a vciry small battery ; but 
it must be remembered that the aiuount of action is governed 
by the number, and not the size c»f the plates. On ac- 
•count of the small tension of the Voltaic electricity, which, 
liowever, may be increased by an addition to the numbei* 
of alternations, the skin, a very imjicrfcct conductor, should 
be moistened with water. With a single pair of plates, 
however large, no violent physiological effect can be ob- 
tained, for although a large quantity of electricity may be 
developed by them, it has no intensity. So on the other 
hand a niiiiiber of jdates, however small, and containing 
iiot^me-twenticth i»art of the mejal in the single pair, may 
give a violent sl;ock. 

Whether the administration of Voltaic electricity as a me- 
dical agent is not in sc^mfi diseases Resirahlc, is no longer a 
matter doubt. It was, we believe, first proposed by 
Afdjini as a suitjihle agent for the restoration of suspended 
animation. “JL am far from wishing, ’’ he says, ‘Ho raise any 
objection against the administration of other remedies which 
are jilready known. I would only recommend galvanism as 
l^ie most pow'erful meansiihitherto discovered of assisting and 
increasing the efficacy of every other stimulant.” Since the 
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time of this electrician the agent has been applied for many 
other medical purposes^ and has often been found effective. 
The trouble attending its use, and the very speedy exhaus- 
tion of the power of the battery when constructed according 
to the old^system, were, however, impediments to iVs*general 
introduction. Tlie coimiion electricity, applied in a quiet * 
manner, was, therefore, generally preferred. Wlun the agent 
was first employed in the cure of diseases, it was thought 
that CYery thing was to bp done by shocks — ^l)y discharging 
accumulated electricity through the body, or through such 
parts^of it as might be affected. If a sudden and unnatural" 

* action should be ever required, it may easily be obtained in 
this manner ; but whenever the effect is to be produced on 
the system, and the action is to be that of the iluid itself, the 
person of the patient must be, as it were, filled with electri- 
city, by placing him on an insulating stool, to be afterwards 
drawn away by a director communicating with the ground. 
Both the common and Voltaic electricity will, in all pro. 
bability, be suj)erseded, fo^; this pur])ose, by the magnetic, as 
the instrument from which it is sujiplied is portable, and 
may in a few minutes be jmt in action. 


PRODUCTION OF INSECTS. • 

The attention of electricians has been recently drawn to 
the remarkable apjiearance of certain insects during tha per- 
formance of some exiieriments on electrical crystallization 
by Mr. prosse. Although but little is at present^ known 
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concerning the formation of these creatures^ it is necessary 
we should describe the experiments which have been made, 
and it may Ix) done with most propriety in this place, as the 
facts will belong to the present section if it should be ulti- 
mately! found that electricity is in any way influential in fheir 
production. In the Transactions of the Electrical Society 
Mr. Crosse has explained his experiments, and the results 
he ol>tained, and if his memoir were not too long for quota- 
tion, we should introduce it in jireference to the condensed 
account we have drawn from his interesting paper. It will, 

• however, be our object to follow him, and even his ])hra8e- 
as closely as our limited sjiace will admit. * 

In attem])ting to form artificial minerals by long continued 
electric action on fluids, holding in solution such substances 
as were necessary for the particuhu* purpose, Mr. Crosse 
adoj)tcd a variety of contrivances to secure a constant current 
of electricity, and to expose the solution to the electric action 
in a manner best suited to eflect bis object. ‘^Amongst 
otljpr contrivances,” he says, I constructed a wooden 
frame, of about two feet in height, consisting of four legs 
projecting from a shelf at the boltojn supporting another at 
tb(2 to]), and containing i third in tfie middle. Each of these 
slielves^as about seven inches square. The upper one was 
jilerced with jvn a])erture, in which was fixed a funnel of 
Wedgwood ware, within which rested a quart basin on a 
circular ])icce of mahogany placed within the funnel. When 
this basin was filled with a fluid, a strip of flannel wetted 
jvith the same was suipended over the edge of the basin 
and inside the funnel, which acting as a syphon,^conveyed 
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the fluid out of the basin through the funnel, in successive 
drops, llie middle shelf of the frame was likewise pierced 
with an aperture in wOiich was fixed a smaller funnel of glass, 
which supjiorted a j)iece of somewhat porous red oxide of 
iroif from Vesuvius, immediately under the dro])])ihg. of the 
upper funnel. 'Hiis stone was kept constantly electrified by * 
means of two platina wires on either side of it, connected with 
the ])oles of a Voltaic batter}’' of nineteen pairs of five-inch 
zinc and copper single plates, in two porcelain troughs, the 
cells of which were filled at first with water, and -fe of hydro- 
chloric acid, but afterwards with water alone. I may here • 
S^tate, that in all my subsequent exi)erimcrits relative to these > 
insects, I filled the cells ofthe battery employed with nothing 
but common w’ater. The lower shelf merely supported a 
wide mouthed bottle to receh^e the drops as they fell from the 
second funnel. When the basin was nearly emptied, the 
fluid was poured back again from the bottle below into the 
basin above, withoiil disturbing the position of the stone. 

It was by mere chance that 1 selected this volcanic i|pb- 
stance, choosing it for its partial porosity ; nor do 1 believe 
it had the slightest eflect in the production of the insects to 
be described.” 

Ihe following is the manner in which Mr. Cros|e made 
the fluid with which he filled the basin. A* piece of blfu!k 
flint being raised to a red heat, ^nd afterwards suddenly 
cooled in cold water, was reduced to jjowder. Two ounces 
of this was then mixed with six ounces of carbonate of 
potassa, and ex])osed in a blacklea^f crucible to an inten8|^ 
heat. Tlie compound was then poured on an iron plate, and 
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while warm reduced to a powder, after which boiling water 
w^as poured on it, and kept boiling for some minutes ; by 
which the greater part of the soluble glass thus fused was 
taken up by the water. To a j>prtion of the silicate ^of 
potassa,* '^boiling water was added to dilute it, and hydro- 
chloric acid was slowly added to super-saturation.” 

“ My ob]^!Ct,” says Air. Crosse, in subjecting this fluid 
to a long continued electric action through the intervention 
of a porous stone, was to form, if possible, crystals of •silica 
at one of the poles of the battery, but 1 failed in accomplish - 
this by those means. On the fourteenth day from* the 
commencement of the experiment, I observed, through a lens, 
a few small whitish excrescences or nipples jirojecting from 
about the middle of the electrified stone, and nearly under 
the dropping of the fluid above. On the eighteenth day 
these projections enlarged, and seven or eight filaments, each 
of them longer than the excrescence from which it grew, 
made their ajipearance at each of the nip})les. On the twenty- 
second day these appearances were more elevated and dis- 
tinct, and on the twenty-sixth day^ each figure assumed the 
form of a j)erfcct insect, standing erect on a few bristles 
which formed its tail. Till this |)eriod I had no notion that 
these appearances were any other than an incipient mineral 
formation ; but it^was not until the twenty-eighth day, when 
I plainly percei>fied these litfle creatures move their legs, that 
I felt any surprise; and I must own that when this took 
place 1 was not a little astonished. I endeavoured to detach, 
''•riiji the point of a needle, *one or two of them from their 
position jn the stone, but they immediately died, anA I was 

* Gg 
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obliged to wait patiently for a few days longer, when they 
separated themselves from the stone and moved about at 
pleasure, although they had been, for some flme after their 
bijlh, apparently averse Xo motion. In the course of a few 
weeks alpjut a hundred of them made their appeai^ance on 
the stone. I observed that at first each of them fixed itself* 
for a considerable time in one spot, appearin^f^as far as I 
could judge to feed by suction ; but when a ray of light from 
the stin was directed up«.n it, it seemed disturbed, and re- 
moved itself to the shaded part of the stone. Out of about 
a hundred insects not above five or six were born on ih% 
south side of the stone. 1 examined some of them with a 
microscope, and observed that the smaller ones appeared to 
have only six legs, but the larger ones eight. 1 have had 
three separate formations of similar insects at different 
times, from fresh portions of the same fluid, with the same 
apparatus.” 

Some specimens of the insects were sent by the Royal 
Society to the French Ackdemy, and, according to the report 
drawn up by some of the members, they belong to a new 
species of the genus A, earns. Of this report Mr. Crosse has 
much reason to complain, for it is dictated by an unel^qui> 
ring scepticism, scarcely less than disgraceful to ^hose who 
caU themselves scientific observers. 

With regard to the origin eSf the insects neither Mr. 
Crosse nor any of the scientific gentlemen who have seen 
the animals, have ventured an opinion. The experiments 
hitherto made do not at present warrant the expressios' of 
any tlA^ory. It has been supposed by some person^ that the 
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insect is a native of the water used by the experimenter, but 
since writing the account from which we have extracted. Me. 
Crosse has succeeded in obtaining the insects on a bare pla.. 
tina wire plunged into fliio-silicic acid, one inch below the 
surface of the fluid at the negative pole of a small Ijj^attery of 
ttvo inch plates in cells filled with water. This is, as he 
states, a sii^^ar fluid for these insects to breed in, who 
seem to have a flinty taste, although they are by no means 
confined to silicious fluids ; but a^ the acid was proj^ured 
from London, the fact disproves the supposition to which we 
have referred. 


LUMINOUS EFFECTS. 

We have seen that the passage of ordinary electricity 
through air, is always attended with the evolution of light. 
A similar apjicarance is readily obtained from the Voltaic 
battery, provided that a sufficient number of plates be used. 
Voltaic electricity is also capable pf producing a luminous 
eflect in its passage through a receiver, containing rarefied 
air. The cause of the splendid appearance presented by the 
transit of electricity froin^ one charcoal point to another 
under theme circumstances, will be immediately perceived 
frofli.the observations that have been made concerning the 
same phenomenon by ordiilary electricity. The Voltaic fluid 
fiossesses little or no intensity, and on this account it cannot 
be made to strike from one conductor to another, when sepa- 
rated by a distance of a Cew inches ; for the density of the 
atm68pheric air is sufficient to restrain it. But when^he in- 
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tervening air is rarefied^ it presents less opposition, and the 
electricity darts from one conductor to the other, producing 
a s])lendid arc of light. « 

For tlie production of luminous effects by Voltaic electri- 
city, mapy things are to be considered. The thidKuess and 
length of the conducting wire, the quantity of electricity to ' 
be conducted, the temjierature of the wire and the surround- 
ing medium, the intensity of the electricity, and the kind of 
metaj employed for the conduction, have an influence in 
modifying the effects, which will be greater or less in propor- 
tioi\ to the attention paid to these conditions. » 

It is thought by some persons that the Voltaic light will 
be, at some future period, applied in those cases where a 
strong and brilliant illumination is required. This has been 
hitherto prevented by the rapid exhaustion of the batteries, 
and the necessity of supplying fresh charcoal. One of these 
objections has been already virtually removed, and the other 
may be. The Voltaic light is more intense than that ob- 
tained from the oxy-hyd^ogen microscope, and if it could be 
made generally available would altogether supersede* that 
dangerous instrument, ^d give the careless instrument- 
maker one op{)ortumty less of defrauding and endajtger- 
ing the lives of his customers. One of th%«e instru- 
ments was purchased, soon after the introduction qf * the 
jjresent arrangement, by a gentleman with whom we have 
long been on terms of friendship, at a large price, from a 
respectable maker, llie instrument was tested, an^ was 
found to be an ill-constructed apparatus, and scarcely safe 
for aqy person to use; it was, in fact, so made that an 
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a])prentice boy of fifteen years of age might have been 
jishamed to call the work his own. We would strongly 
caution our readers against the instruments usually vended, 

— they are made to enrich the maker, and are for the most 
part unfit for use. Hundreds of them have bSen made 
and .sold, jjut we doubt if many of the purchasers can use 
them ^vith confidence. We repeat again, and with a cer- 
tainty that our o])inions will coincide with those of the per- 
sons who are accustomed to use the oxy-hydrogen rhicro- 
sco])e, they are troublesome and dangerous, ill-constructed 
and inefficient. If the reader should require one for hi^own i 
use, it may be made under his superintendence, and in a care- 
ful and proper manner. It wiD, however, be well when the 
instrument can be done away with altogether, and the Vol- 
taic light be employed in its stead. Should electricians suc- 
ceed in using this agent for such a purpose, it will also be 
well suited for light-houses, and also perhaps for the illu- 
mination of large buildings. 


HEAT,ING EFFECTS. 

^I'lie calorific effects of Voltaic electricity are far greater than 
thoSe of the electrical battery ; and there is a singular diflTerence 
between the cil)eration of the two. In the case of ordinary 
electricity; calorific effects are never produced except when 
the *restoration of the electric equilibrium is suddenly pro- 
(kiced ; and there is reason to believe that the rise of temper- 
ature in even then greatly attributable to the michanical 
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concussion of the particles of the conducting body. But 
Voltaic electricity produces the effect by the mere ]:)a6sage of 

f 

the electricity through conducting bodies when the circuit is 
copoplete. If a fine iron wire of moderate length be made 
the mediitm of connexion between the poles of a large bat; 
tery, it may be ignited to fusion. Steel wire bums brilliantly 
under the same circumstances. Nor is there any limit to 
the evolution of heat as long as the battery maintains its 
powe/. The effects in this instance wouhb therefore, appear 
to be the result of the mere passage of an equal and contU 
^ nuoifs current of the electric fluid, and must be traced to 
its direct influence in raising the temperature of the conduct- 
ing body, and not to the agency of mechanical concus- 
sion. 

The order in which metallic wires are raised to a red heat 
by Voltaic electricity, was determined by Mr. Children with 
his large battery, to be, platina, iron, co])per, gold, zinc, and 
silver. From the experiments made by this gentleman upon 
the metal conductors, he Was led to the discovery of the taw, 
that the facility with which the metals are ignited vary in- 
versely as their conducting power for electricity. 

The heating action of Voltaic electricity may be exhibited 
uj>on the leaves of metals, with considerable effect.*' Whg n 
they are made the medium of communication between the 
poles of a powerful battery, they are deflagfated, burning 
with great brilliance. Gold leaf bums with a vivid white 
light, tinged with blue; silver with an emerald green; cop- 
per with a bluish white light. 

When a slender iron wire is connected with one pole of a 



CHEMICAL EFFECTS. 


465 


♦ 

powerful Voltaic battery, and its end is brought into con- 
tact with the surface of mercury connected with the other 
pole> a vivid combustion of both the wire and mercury is 
produced, sparks being thrown out in every direction, ^as 
rays eidanating from a star. » 

Tlie power of a Voltaic battery in the production of heat, 
depends upon the quantity of electricity that is transmitted 
through the wire, rather than its intensity. 'Fhe number of 
alternations has, therefore, but little to do with the igniting 
])Ower of the battery, if a large surface be obtained. It 
was for this reason that Dr. Hare constructed an irstru- ^ 
nient of a single pair of plates, and from its great heating 
power called it a calorimeter. A single pair of Wollaston 
plates will exhibit the same fact, being capable of developing 
sufficient heat to increase the temperature of a small plati- 
num wire to redness. 


’ CHEMICAL EI^ECfS. 

» 

Among all the effects obtained frqp electricity when act- 
ing'Vpon bodies, none are more singular than the production 
of chemical changes. It is more than probable that neither 
the composition' nor decomposition of compound substances 
can be produited without* the agency of electricity ; and it 
may be doubted whether a change of state can be effected 
without a development of the same agent. In the vaporisa- 
tion of vMkter for instanc^ electricity is given out, as may be 
^ easily proved. Take a small tin vessel containing water, and 
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place it upon the cap of a gold-leaf electrometer. Drop into 
the water a red hot coal, and vapour will be instantly formed, 
the leaves diverging and giving evidence of the presei\ce of 
electricity, the nature of which may be tested by bringing a 

• t 

})iece of csrcited wax or glass near to the apparatus.* In all 

• • 

the great changes produced upon the composition of bodies 
as exhibited on the laboratory table, and in the theatre of 
nature the same agent acts a prominent part. The greatest 
efiectf are not however produced when the electricity is in a 
state of the greatest tension. For the production of chemi- 
^ cal effects quantity is required, and the Voltaic battery is* 
better adapted to this end than the machine. 

. ITie chemical action of Voltaic currents was discovered by 
the late Mr. Nicholson and Sir Anthony Carlisle in the de- 
composition of water, by placing it as the uniting conductor 
between the positive and negative poles of a battery. The 
effect may be produced by making the metallic wires of the 
positive and negative poles to pass through opposite ends of 
a glass tube filled with warmer, and stopped by corks thr&ugh 
which the conducting wir^s enter, the ends being brought 
to within about a quarter of an inch from each other. Or 
the conducting wires may be brought to a vertical tubeuftder 
a similar arrangement ; but in both cases the principle is the 
same, an intermediate stratum of water being acted upon by 
the electric current. 

Now there are two cases of decomposition of water, that 
is to say, both the gaseous elements may be obtained inlheir 
liberated state, or one (hydrogen; may be colletted in its 
gaseous* form, and the other united to one of tli^ solicU. 
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There are also two conditions of the conducting Mrires which 
will cause the above results, according as the one or the other 
obtains. 

1. If the wire connected vdth the positive pole of the 

• ^ 
batteify be formed of an oxidable metal ; the oxygen set free 

by the electrical action will unite with it, and oxidate it, 

Imbblcs of hydrogen gas arising at the same time from the 

wire of the negative pole. Under this condition, only one 

of the elements of water can be collected. , 

2. If neither of the wires be oxidable, then both the gases 
may be obtained by a proper a]}}>aratiis, the oxygen Ijveing in 
this case left free, from want of a substance with which it 
may combine. 

But in the early ex])eriments made upon the decompose 
tion of water, it was observ'ed that an acid was always formed 
at the end of the conducting wares, and an alkali at the other, 
/lliis was observed both by Cruickshanks and Professor Pfaif, 
who ascribed the origin of the substances to the decomposi- 
tion of atmospheric air contained in the water, the nitrogen 
of the air combining with the oxygen of the water on the one 
hand, forming nitric acid ; and with the hydrogen on the 
(fther, forming ammonia. Desormes and Simmer also ob-« 
tained* traces of acid and alkali, but supposed them to be 
muriatic acid*and soda. From these singular results it was 
imagined titiat muriatic'licid and soda were actually generated 
by the Voltaic current. The opinions of Desormes and of 
Simmer were afterwards supported, and as it were proved, 
t by a (communication, ih the Philosophical Magazine for 1805, 
purporting to have been written by a Mr. Peel of Cambridge. 
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In this paper it was stated that every precaution being taken 
to obtain pure water, that which remained after the decom- 
position of a large quantity by Voltaic electricitj^, yielded. a 
small amount of muriate of soda, on evaporation. Inquiry 
was afterwqirds made to find the writer of this article, but as 
no person bearing the name attached to the article could be 
heard of, it has generally been considered as an attempt to im- 
pose on the scientific world ; for what reason we cannot ima- 
gine, as^he experiment was. found to succeed. But it was still 
to be determined from what source the muriate of soda was 
obtidngd. Tlieories were not wanting, but they all appeared 
unsatisfactory, until Davy commenced the examination, 
which ultimately led him to the discovery of the bases of the 
alkalies, and those other brilliant results which have given 
honour to his name, and liave made him one of the boasts 
of Englishmen. 

Davy soon discovered that the muriatic acid found in the, 
water, owed its appearance to the animal or vegetable matter 
employed in connecting the vessels containing the water ; fbr 
when the fibres of cotton were washed after everj^ process in 
a weak solution of nitric acid, the presence of the muriatic 
, acid in the water became less easily detected, and at laftt 
almost entirely disappeared. ^ 

This discovery very naturally led to a suspicion that the 
soda, in like manner, was produced* by the decomposition 
of some part of the apparatus, and Sir Humphry at last 
traced it to the decomposition of the glass vessel, at its point 
of contact with the wire, which was Considerably corroded, n 
By employing agate cups, and using very great precau^ons 
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to obtain water chemically pure, both the acid and alkali were 
lost, and oxygen and hydrogen, the two elements of water, 
were the pro^ducts. 

During the process of the observations that led to these 

•» 9 

result!, Davy discovered that in the decomposition of any 
neutral salt contained in the aqueous solution, the acid was 
collected round the positively electrified metallic surface, and 
the alkali round the negative. ITius if a solution of sulphate of 
soda, or any other neutral saline compound, beplaced»in two 
glass or agate cups, fig. 92 ; the cups being connected with 
fibres of moistened asbestos ; after a few hours the positive^ 
cup will contain a solution of sulphuric acid, and the nega- 
tive cup a solution of soda. Tlie two elements, therefore, 
must have been actually transmitted through the water con- 
tained in the moistened cotton or asbestos. 

Piff. 92 . 

These results led Sir Humphry ftavj^ to expect that some 
oikhe insoluble, or difilicultly soluble bodies, might, under the • 
same circumstances, be decomposed, and experiment proved 
tlie accuracy of the opinion. Thus two cups of compact 
sulphate of Ijpie, containing pure water, were connected toge- 
ther by fibrous sulphate of lime moistened with water, and 
the whole so arranged as to form a part of the Voltaic cir- 
cuit. 4^ter about an liaur it was found that the cup con- 
nected with the negative wire contained an almos^pure and 
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saturated solution of lime, while that united with the jiositivc 
wire contained a moderately strong solution of sulphuric 
acid. Other substances of the same character were tried 
with equal success, such as the sulphate of strontian, and the 
fluate of liuiG. 

But it may he considered as a still more singular circum- 
stance, that the effect will be the same in whatever part of 
the fluid, between the positive and negative wire, the com- 
pound tsubstance may be •placed. If for instance two cups 
be used, and the neutral salt, whether earthy or alkaline, be 
^olaced in one, and distilled water in the other, the transfer of 
the element will still take place. If three cups be placed, 
fig. 93, side by side, connected together by moistened threads 
of cotton, and sulphate of potash be placed in the middle 
cup, and blue Infusion of cabbage in the other two ; the sul- 
phuric acid will collect in the ])Ositive cup, and render the 
infusion red, while the alkali will be transferred to the oppo? 
site cup, and tinge the infusion green. 

r 

Fiff. 93. 

Trrrrn'' 


A series of still more remarkable circumsftinces were ob- 
sen^ed by Sir Humphry Davy whilh prosecutipg these en- 
quiries, for he found that the elements of compound bodies 
presented to the action of Voltaic electricity, may actually be 
conveyed through substances that Have a strong affinity fof 
them, without evincing the slightest disposition to^ com- 
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bine. Let us^ for instance, arrange three cups in a series, 
joining them with moistened cotton. In the cup on the 
positive sidi3, and in the middle cup, place the infusion 
of cabbage, the cup on the negative side being filled with a 
solutiprr of sulphate of soda. Let the arrangement be then 
• placed in the Voltaic circle, and a redness will soon be per- 
ceived iir^he positive cup, which proves that the sulphuric 
acid is actually transmitted through the infusion of cabbage 

in the middle glass, witliout producing any change of colour. 

« » 

By reversing the poles of the battery, the same transfer of 
the alkali may be made. 

Other exj>eriments might be performed to illustrate thesi 
principles, but we have mentioned siifiicient to prove the gene- 
ral fact, that, by the agency of Voltaic electricity, one class of 
bodies comprehending hydrogen, the alkaline and earthy 
bases, and all metallic substances are collected at the negative 
pole ; while oxygen, clilorine, and the compounds in which 
these elements predominate, such as the acids, are brought, 
teethe positive xiole. ^ 

In the investigation of these interesting results. Sir Hum- 
phry Davy was led to the conclusion, that chemical affinity 
ijj destroyed, by giving to a body tJh electricity differing from 
its nayiral state, and that the affinity is increased by giving 
^t a greater qyantity of its natural electricity. From this he 
inferred that all those bodies which possess a strong affinity 
for each other, such as acids and alkalies, are naturally 
in opposite states of electricity. By inducing, therefore, 
upon any body, an ^ectrical state contrary to the natural 
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one, the two substances lose thdr afibiities, and the snh* 
stances are decomposed. Guided by '^this theory, Davy 
succeeded in removing every obstacle to his ifivestigatiqn, 
and his persevering exertion was crowned with the discovery 
of the basis of the Axed alkalies. 

It had long been supposed that the two fixed alkalies, pot-* 
ash and soda, were compound substances, but eve/y method 
of analysis that was tried failed to resolve them into their 
component parts. But notwithstanding the tenacity with 
which these substances maintained their combination, they 
failed to oppose the energetic influence of Voltaic electri- 
city. 

Sir Humphry Davy succeeded in decomposing these sub- 
stances in the following manner. A piece of potash being 
placed on an insulated disc of platina was connected with 
two hundred and fifty ])air8 of plates, six inches by four. At 
the positive pole there ap])eared a violent effervescence, and^ 
at the negative small globules having a highly metallic 
lustre, and resembling quiclv^ilver, some of which burst Avhh 
a loud explosion and bright flame, and others were covered 
with a white film. This substance is the basis of potash, 

, now called potassium, a metal having so strong an afSni^ 
for oxygen, that it decomposes water burning vividly.* 

Soda was decomposed by a similar process, and was proved 
to have a metallic base, like the vegetable alkal^ The gas 
given oS at the jjositive pole of the battery is oxygen, so that 
there was no doubt of the alkalies being res])ectively tlie 
oxides of two new metals. The succeie of these expe^ments ^ 
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induced Sir Humphry to investigate the composition of the 
earths, and although many difficulties for some time opposed 
. him, he was* at last equally successful in analyzing them. 

Dr. Faraday, who has succeeded Sir Humphry Davy in 
the public institution with which he was so long connected, 
' has continued the research he commenced, and has been 
singularly successful in his investigations. To give an abs- 
tract of his experiments and opinions would require a greater 
space than we can now devote to^the subject, and esjiecially 
as he has adopted some new terms which would require ex- 
planation. No person, however, who acquires the elements 
of electrical science will long remain contented without care- 
fully studying his experimental researches, to which we are 
compelled to refer the reader for further information on the 
chemical effects of Voltaic electricity. 


MAGNETIC EFFECTS. 

To fully examine the magnetic effect of Voltaic electricity 
and the relations of electric and magnetic currents, would 
require a large volume*; our only object is to explain a few ^ 
elementary facts. 

.Arago prowd some years since, that a bar of steel may 
be magnetized by a current of Voltaic electricity. If a sew- 
ing needle, for instance, be placed across a conducting wire, 
it will acquire the magnetic pro])erty, or in other words po- 
^larity.^ Supposing thenvire to be placed before the experi- 
menter, the zinc end of the battery being to his^left hand. 
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the point of the needle most distant from him will be the 
north when above the conducting wire, and south when 
below. ^ t 

But there is another way in which a needle may be mag- 
netised : — that is, by placing it in a spiral conducting ,wirt 
or helix, as represented in hg. 94. 


Fig. 94. 



Immediately the connexion is made with the batter}', the 
needle becomes strongly magnetic, having its north pole 
towards the zinc end, and its south towards the co]>per. In 
performing this experiment Mr. Barlow employed a glass 
tube about five inches long, and half an inch in diameter. 
When the spiral was pre\dou8ly connected with the battery, 
the needle was drawn to th^ centre of the tube, if so plaoed 
as to project considerably beyond the end, and would even 
remain suspended in the mi'ddle if the tube was held in a 
, vertical position. * 

Dr. Faraday made a very interesting experiment, slrowing 
the effect of a spiral conducting wire upon a floating magi\e* 
tized needle. Suspend a helix within a basin of water, allow- 
ing the water to rise to its axis. FLx to a cork a small mag- 
netized needle, and place it on the water near to the spir^, 
in the front of which it will quicklytarrange itself aqjl sud 
denly dart into the interior of the tube, and after a few vibra- 
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tions become stationary in the centre. Tlie same i)ole will 
not^ as may be' imagined, enter first at both ends ; — the posi- 
tion of the needle will be governed by the direction of the 
whirls of the spiral, and the pole of the battery to which^ it 
may boap[)lied. The reader must not sux)po8e that^the effect 
is to be traced to the induction of magnetism in the spiral 
wire, for ii such were the case the needle would be drawn 
to one end; it is due to the influence of the Voltaic cur- 
rent when circulating in the condii:Pting wire. • 

The influence of a Voltaic current ux^on permanent mag- 
“netism was first exhibited by Professor Oersted. This cel:dira- ^ 
ted x)hiloso})her discovered that the direction of a magnetic 
needle delicately suspended was influenced by a current of 
electricity circulating in a conducting wire, when placed near 
It, whatever the xMisition might be. ITiis fact attracted the 
attention of scientific men, and in an incredibly short time 
:in immense number of discoveries were made, and a new 
science, cjilled Electro-magnetism, sx^rung up. We have, 
lio waver, exxdained as fully as our pages admitted some of 

the elementary x>rincix>les of Voltaic electricity, and are com- 

« 

j)elled to pass over in silence the collateral branch of study. 




CLARKE’S MAGNETIC MACHINE, 


CHAPTER IX. 


MAGNETIC AND THERMAL ELECTRICITIES. 

« 

The magnet is a third source of electricity, for electric cur- 
rents are set in motion whenever contact is formed* and 
broken between an armature, surrounded by coppei»wire, apd 
the ma^etic poles. The identity of thes? currents jrith the 
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electricity of the machine and battery is proved by the jiro- 
duction of a spark, the heating of metallic wires, chemical 
decom}>08itioh, and other effects commonly resulting from 
the communication of that fluid. To Dr. Faraday we ^e 
indcbt^l lor the discovery of magnetic electricity, by obtain- 
ing the spj^k. It was at first thought to differ from both 
common and Voltaic electricity, having neither the intensity 
of the one, nor the gpantity of the other ; it was indeed 
doubted whether it had any degree«of tension until M.«Pixii, 
by the use of an ingenious apparatus, succeeded in obtain- 
ing a considerable divergence of the gold leaves. * 

As soon as it was proved that electric currents could be 
disturbed, and set in motion by magnets, an attempt was made 
to construct an instrument by which the electricity could 
be concentrated. Mr. Saxton was the most successful. His 
instrument consists of powerful horse -shoe magnets placed 
in a horizontal position. Close to the pules of the magnet 
there is fixed an iron armature, so formed, that its two ends 
inay’^jc brought into contact witlf them. The armature is 
surrounded by two or more pieces of copper wire covered 
with silk for insulation, each half bejpg bound by a separate 
wirff. I'he ends of one wire, or sets of wires, are connected 
wnth a nf^tallic disc, which may be made to dip into a cup 
containing ineredry. Tlie ends of the other wire are fastened 
to a slip of copper, so that when the armature is put into a 
rotatory luotion by a suitable wheel the points may alter- 
nately dip into the mercury, the circmnference of the disc 
l)^ng constantly immersRfl. It is in this v'ay tliat the cur- 
rent induced by a^ alternate contact of the armatu^ is con- 

u h 2 
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vcyed away, the circuit being* completed every time the point 
touches the mercury. This instrument has been with pro- 
priety called the magnetic machine. * . • 

,Tlie construction of perfect philosophical instruments 

•I 

must alwr.ys be a work of time, for it is seldom, if eVfe'r, that 
the original inventor produces it in its best form,,pr with its 
most complete arrangements. We may therefore, without 
detracting from the merits of Mr. ^axton’s arrangement, 
give Vhe preference to 'C.he magnetic machine recently in- 
vented by Mr. Clarke of the Lowther Arcade. There arc 
many reasons which induce us to prefer his arrangement, as 
best suited for the use of the experimenter, and especially th(' 
application of a method by which the use of mercury is 
avoided, and separate armatures may be applied, the one for 
effects resulting from quantity, and the other for intensity. 
By this instrument all the most important experiments in 
magnetic electricity may be performed. We shall now en- 
deavour to describe the machine and its application in illus- 
trating the electrical efFe«;8. • 

The figure at the commencement of this chapter is a repre- 
sentation of Mr. Clarice’s magnetic machine, but it will be 
better described from fig. A is a battery of six hbrse- 
shoe magnets placed in a vertical jiosition againiSc a maho- 
gany board B, supported by a stout bar C, through which 
a bolt is passed, firmly connecting it with fhe backboard. 
The object of the ini^entor in this arrangement is, to se- 
cure an easy method of removing the magnets, and of ad- 
justing the instrument, while at \he same time b prev^ts 
those wbrations arising from the rotatioq of the wheel which 
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( 

would be liable to disarrange the apparatus. D is the arma* 
ture, which screws into a brass mandril between the poles of 
the magnetic battery, and motion is given to il by the mul-> 
tiplying wheel E. Two armatures are provided, one called the 
intensity^and the other the quantity, armature. The‘fbi?ner 

la 

consists of two coils of fine insulated copper fifteen 
hundred yards long, coiled on cylinders, the commencement 
of each coil being soldered to the armature D. The quantity 
armature is attached, in the same manner, but the coils on 
each cylinder are only twenty yards long. K is a hollow 
I brass cylinder attached to the armature D, and O is an iron* 
wire spring pressing against the cylinder K at one end, and 
kept in metallic contact by a screw with the brass plate M, 
which is fixed to a wooden block L. P is a square brass 
pillar fitting into the brass plate N, which is similar to that 
represented to view, and marked by the letter M. This 
pillar may be raised to any height that may be required for 
exi)eriment. H is the break-piece forming a part of the 
cylinder K; and Q is a metal spring that rubs upon it, a*per- 
fect metallic contact being maintained by the metallic screw 
at the end of the pillar T is a piece of copper wire con- 
necting the brass plates M N. Now it will be {perceived that 
DHQPM are all in connexion with the commencement 
of each coil, and K 0 M with the terminatidn. 

Such is the construction of the magnetic msv^hine, and we 
may now proceed to describe, following as nearly as possible 
Mr. Clarke’s account, the experiments which may be made 
with the separate armatures. Tti6 intensity anaviture p 
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chiefly used to exhibit ‘'chemical decompositions and to give 
shocks. • 

CHEMICAL EFFECTS. 

The de^composition of water is a favourite and illustrative 
exhibition of the decomposing power of electricity. Water 
is, as already stated, in a former part of this work, a com- 
pound substance formed from the^chemical union of ^e two 
gases, oxygen and hydrogen. In resolving this compound 


Fig. 90*. 
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substance into its elementary aeriform constituents, the fj^es 
may be collected either in the same or separkte vessels, by 
the use of suitable instruments ; — ^both these lAethods may. 
be exhibited. 

tiyr. 96,^reprcsents the instrument for collecting t^ergases 
in'the same tube. A is a glass vessel, to which is htted a' 
piece of hard wood, through which thin platinum wires axe 
fixed, entering the open end of the tube B, which is herme- 
tically ^scaled at the top. , C is a cork supporting the tube 
B, which is filled with acidulated water. When the instru- 
^ment.is put in motion and the wire Q is made to rub upon 
the cylindrical part of the break H, the magnetic electricity 
is given off and conducted by the vertical wires which arc 
plunged into M and N. Tlie decomposition is effected bc- 


J’ipr. 97- 
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tween the platiniun points^ causing a rapid ascension of the 
mixed gasses! 

. .Fig. 97* iS nn arrangement for obtaining the gasses in 
separate tubes. A is a glass vessel with two tubes arranged 
in tbe fanner already described, except that th^ platinum 
wires enter the separate apertures, and are connected with 
the two small cujis b b which contain mercury, and are 
united with M and N by copper wires. C and D are plates 
of platina attached to copper wires by which they are*united 
with M and N. If a piece of turmeric paper wetted with 

’ some neutral salt be ])laced between them, the decomi)ifsitioin 
may be easily exhibited by the change of colour which will 
result from the action of the electricity. 


PHYSIOLOGICAL EFFECTS. 

The physiological effects of the magnetic electricity upon 
.hifliving body may be exhibiteil by adopting the arrange- 
ment in fig. 95. R and S are two brass conductors, one of 
kvhich is connected with the plate and the other placed 
in«the small hole at the end of the brass stem, which carries 
the bredik piece. When M and N are united by a copper 
wire T, aiul the person to be experimented on shall grasp the 
cylinders R andS, violent shocks will be suffered immedi- 
ately the multiplying wheel is put into motion. Another way 
of performing tins experiment is to place the conductors in 
two separate basins confining salt and water, and to immerse 
<H«e hand in eacjibasin ; this method, says Mr. Cla^e, is to be 
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preferred, as it leaves the person who Is electrified the power 
of quitting when he pleases. Not so with tHe conductors, 
for the muscles of the arm contract violently, sO as to clojse . 
the hands completely. 

With tl|e quantity armature we may obtain luminous, 
calorific, and magnetic effects, and also exhibit ^rotations * 
similar to those obtained by Voltaic electricity. 

LUMINOUS AND HEATINO EFFECTS. 

Fig. 9B represents the method of BcintiUating iron wire. A 
is a piece of wire firmly attached to the pillar P, fig. 95, and 
D the rotating armature. As soon as the instrument is put 


Fig. 98. 
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in motion^ and the di^njsraged end of the wire is pressed upon 
the rotating Srmature^ brilliant scintillations will be given off. 
This effect Ve are informed is entirely produced by soldering 
the wires of the coils to the armature^ a process which at 
oner time was supposed to destroy the effect of the instru- 
ment. . 

llie arrangement represented in fig. 09 , shews a method 
hy which the various metals may be deflagrated so as to 
produce the various colours which distinguish them. The 
break is, in this instance, removed, and a brass piece B sub- 
stituted. A wire of any metal C is connected wkh thft 
pillar in the manner already explained, and the extremity of 
the spring Q is formed of the same metal. When the ma- 
chine is put into motion, bright sparks will be produced, 
varying in colour according to the metal that is used. 


Fig. 99. 



. As^e magnetic md£hine is able to scintillate iron wire, it 
^ay )>e ;;i^adil3'>«upposed that it is capable of heat.^g thin pla- 
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tina wire, and raising it in the same manner as a pair of Wol> 
laston plates to a red heat. The arrangement used for this 
purpose is represented in fig. 100. IVo pieces of copper wir^e 
are fisted together near the middle of their length. Be- 


Vvr. KM). 



tween the ends above the union, the xd^tina wire is placed, 
and the ox3posite end of one wire is connected with the pillar 
as before described, and tbit of the other is placed in Ifie 
small hole at the end of the c^dinder. Almost as soon as the 
electricity is generated, ^le platina gives evidence by its 
t luminosity of the effect of the magnetic electricity. Wheli 
the wire is red hot, gunpowder, ether, or any other hiflam- 
mable substance may be ignited by it. 

The ignition of charcoal points, w'hich is so l^eautiful an 
experiment in Voltaic electricity, may be readily x)erformed 
with the intensity armature of the magnetic machine. A and 
B are two directors similar to those ^sed in commoir elec- 
tricity, exeunt that the wires proceeding frong. the ijJate^N Mf 

1 
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fig- pass tljrough glass handles. Charcoal points are 
attached to the ends of the wire, and when brought near to 
each othep, the machine being in action, a brilliant star of 
light is produced. 


Fig. 101. 



It was long after the discovery, and even tlie investigation 
of Voltaic electricity, that Professor Scebeck noticed the ex- 
isvence of electric currents arising from an unequal temper- 
ature in metals. He found that when a brass wire was coiled 
round the ends of a bar of antiriiqny, and heat was apphed 
at one extremity, magnetic action was developed. It was at, 
first supposed that this eflTect was due to some peculiarity in 
the metal itself, but a few experiments proved that it be- 
longed to ^ the metals as a class, altogether independent of 
their nature, contact, juncture, and even of the coil or helix 
that* was formed. Tlie only condition required was a perfect 
serieu^of conductors.*# 
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Reasoning from the analogy of tlie galvanic «..ircuit/’ 
says Professor Cummings in his Report on the Science, read 
before the British Association, it might have bedn imagined 
that as three elements were necessary in the one, so two 
metallic eluents with heat acting the part of the. third, 
might be required in the other ; but it appeared fj^om the 
earliest ex])eriment8, that a metallic bar, heated in contact 
with the same metal, gave considerable deviations to the gal- 
vanometer needle, and therefore that one metal alone sufficed 
for the development of thermo-electricity.” 

^ From the ex})eriments of Yelin and other philosophers on 
the thermal electricity of a single metal, it is quite evident 
that any metallic substance unequally heated becomes the 
medium of transmission to electric currents excited within 
it. The magnetic effects which are produced, are only evi> 
dences of their presence ; and judging from the effect upon 
the magnetic needle, it appears that the metals may be 
arranged in the following order — bismuth, antimony, zinc, 
silver, platina, coiqjer, bras'Sf gold, tin, and lead. • 

In the year 1831, Mr. Sturgeon published an extensive 
and cunous series of exyf^fimeiits on the thermo-electric 
.properties of single metals, by whict it was proved that the 
direction of the electricity to or from the heated point de- 
pends upon some peculiarity of constitution, which the inves-* 
tigator sought for in vain. This experimentalist also dis- 
covered that in the same metal the course of the current 
depended greatly upon the figure it assumed. WheAevicr 

then a metal is unequally heated, itstplectrical condition is 

J 
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(listurbedf^ currents Bih generated, and the ordinary effects 
may be obtai&ed. 

, .Dr. TrailVas the first who discovered that two metals sym- 
metrically united throughout, would form a thermo-electric 
conlbiivition. In 1827 Mr. Christie published in^the Philo- 
sophical^ Transactions a very interesting paper suggesting, 
and in some degree pro\dng, that the diurnal variation of the 
compass needle, which seems to be chiefly dependent on the 
position of the sun, has in all pisobability a thermo-electric 
origin. As far as he could imitate natural phenomena by 
experiment, it ajipeared that the earth and its atmosj)her^ 
form a thermo-electric combination put in motion hy the 
sun. Imitating this arrangement by a circular ring of 
copper ^rrounding a plate of bismuth, and applying heat to 
a ]ioint in the ring, he found that the characters and extents 
of the dei'iations were such, as would arise from the polariza- 
tion of the plates in lines, nearly at light angles to the axis 
of the heat, contrary poles being opposite to each other in 
th8 two surfaces : and apphdng 4his to rejiresent the state of 
the equatorial regions of the earth-, we should have two mag- 
netic poles in the northern, andT t^'o poles similarly posited 
oft the southern side ; the poles of different names being , 
opjiosed to each other on the contrary sides of the equator.” 
Xnd it was also found that when heat was applied to a 

m 

])oint in the equator, of a copper shell, surrounding a sphere 
of bismuth, the deviation of the end of the needle of the 


saine'name as the latitude, was always towards the west when 
the pbee of heat was jibove the horizon, and tow'ards the 


«^t when on jljie meridian below.” 
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One of the most characteristic distilictioiy; of elf ctricity is, 
its almost instantaneous transmission through solid con- 
ductors of great length. Mr. Prideaux, in his examination .of 
the question^ — Is there any, and what difference between 
thermo-electricity, and that derived from other Sources? 
takes thislfact as one means of closely testing the identity of 
the currents produced in metals by heat with the electric 
agent. Fifty feet of iron wire (one of the worst metallic 
conductors) w'ere cut into^two lengths , and connected with 
a magnetest. ** A thermo-electric pair of antimony and bis- 
muth Jiad their feet dipped, first into the mercury boxes of 
the magnetest^ which ])roduced a deflexion of 80°, and were 
then removed into the other boxes at the end of the wires, by 
which the deviation was reduced to 15° ; the inter{>i sition of 
the iron wire between the excited metals and the magnetest 
withholding four- fifths of the deviation : yet was the instan- 
taneous movement of the needles as evident in one case as 

ft 

in the other. So far then as promptitude of transmission 
through long wires is a distinction, thermo-electricity does 
not differ from the other kinds.” 

All the effects produce^ by ordinary and Voltai electricity 
have now been obtained witli the fhermo-electiic currents, 
though philosophers were long foiled by the small intensity 
of the fluid ; and this, as supposed by man)b electricians^ il 
almost the only difference between the Voltaic and thermal 
electricities. 

The theory we have adopted to explain the production ol 
electricity by other causes is equally,^or if possible more, ap- 
plicable to that of which we are now speaking. The whej^ 
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material \ X/rld is in a great degree under the influence of elec- 
tricity. All substances contain a certain amount, if we may 

, so. speak, of the electric agent, and none of the alterations 
they suffer in constitution or in form can separate it 
froiii them, although its quantity, intensity; and effects 
may be cjianged. If we rub a substance, its electrical con- 
dition is disturbed, and the agent itself is set free ; if wc bring 
it in contact with some other substance or cause it to exert 
a chemical action, the same agent is produced, but by what 
means the want of equilibrium is j)rovided for, we arc at pre- 

I . . * 

sent quite unable to state. . i 

When the attention of scientific men was entirely devoted 
to the investigation of that clectricuty produced by friction, 
there w^ a long discussion upon the nature of the agent ; 
some maintaining that it w'as a single fluid capable of exist- 
ing in dillerent states which they called plus and minus, and 
^others imagining that there were two fluids having opposite 
and contrai'y qualities. The electricians of the jiresent day, 
fiillling themselves surrounded' by innumerable difficulties in 
every investigation, have forgotten their former feuds, and 
devote th nselves with gr^t eiiHfgy to discover the effects, 
xrithout violently defending their opinions as to the nature 
and co'listitiition, of the agent. The science of heat has been 
studied for a king period of time, but we are now as unable 
to answer the apparently simple question, what is it ? as were 
Hie earliest investigators. So it is probable wc may pur- 
sue dur enquiries for ages to come into the effects and ope- 
rations of electricity without knowing any tiling of its physica 
^mstitution/.^lTierejis no substance in which it does not 
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exists and none in which it may not )ys by »ome ^ithod de- 
veloped, or in other words set free. Yet such i>» the subtlety 
of the agent, that although we may disturb its condition, it 
is perfectly impossible to remove it entirely from any body, 
whether it be in the form of a solid, li(]uid, or vajjour. ‘'ITie 
changes to which bodies are subject, whether the)' -be phy- 
sical or chemical, may, perhaps, in every instance be traced 
to an alteration in their electrical state, but wc feel assured 
that matter and electricity., whatever the agent may be, can 
never be separated. 
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409 ; Sa.\:ton’'.s instrument, 467 V 
chcmica.1 etreets, 471 ; pliysiolo- 

g ical effects, 473; luminous aiid 
eating effects, 474; thermal 
electricity, 319, 47,7 ; Dr. 
thermo-electric „ '^combination, 
479 ; Pridcaux*^) ejfpcrimcn^ 
480; mimetic currents, Mrodvi^ 
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tionYyt ^tion, ; Ariigo and 

b.irloXy cjc pcfiTiicntR, ih. ; 
Clarke's tminouiid apparatus, 
30«. 

Un, his sensations, whence de- 
* rivt-d, 1? 

latter, iijipcnelnihility of, 39 ; 
(flfcisiWlity of, 4*2; pro]»erties, 

; ^lorosit) , 47 *, density of, 
ih. : cimmressihilitv, 411 ; elastic- 
ity of, -iO; tlie states of, 51. 
rfecloiitics, 3.3. 

deriiliaii’ the geograjdiieal or 
true, 21U); the iiuignelie, ih. 
deUiK, dilatahility by heat, 50; 
iiilerrept radiant lieat, 2.33; 
iiiagiietism of, 2115 ; their order 
of o.xidihility, 411). 

“icroseope, i) 0 \ver of the, 19,45; 1 
the various kinds, 279. j 

Mirage, phenouicnou of, 8. . 

Mirror, proncr^' of dc(‘eption of | 
the coi^.mv ; htiniiiip mir- 
rors, 2«|1; reflex ion from plane 
mirror^ 200 ; from <*oiicave and 
other ^nirroi-s, 208; convex, 
270; cylindrical, ih, 

Momeiituiii, (13, 90. 

Motion, 50 — 59; rectiliiienr, 00; 

, curvilinear, 07, 71 ; aeecleriiicd, 
70 ; estimate of, .95. 

Mullins', Mr., susUining battoq\ 
432. 

Mnn-iiv, Dr., experiment of, 217, 
220 .* 


Nature, laws of, 2. 

^i'cdle, the, 282, 288; variation 
^>f,•290; diurnal varitation, 291 ; 
dip ct’, 292, 295; variation of 
• intensity, 294 • its polarity tle- 
.• ^troyedotreviTscd hy lightning, 
390,:i92. \ * 

Newton, tlnni’ |, discovmes, and 
^i^Titings otr 4il; 5.V 17,^40, 238, 
249, 252;<Wl, 277,^11, 328. 

• 


optical instrjsments, 
• €()5, 273. • V 
wacles, niystf4ids and dfCCfotioiiB 
.\a’»c*5irf,28.^ T 


Otto Guericke, invention by, 328, 

Pendulum, vibrations of the, 70, 

80 ; oscillations isochnmoiis, 01 ; 
It'tigth of, 82 ; cjniipound pendu- 
lums, 84 ; mercufial, 86 ; grid- 
iron pendulum, 87. • 

Phenomena, natiir.il, 1, 64; of 
liiiuids, 98; clecttic, 316, .321, 
3*24, i547 ; tlicse are popular and 
well-Mndei*stood, .395; of gal- 
vanism, 399. 

Philosophical deeepti<ins, 28. 

Pielct, M., experiments of, 222. 
22Ci. 

I’laneta, motion of Llic, 9. 

Pliny, 247, 248. 

Pneiimaties, 1 50, 1 79.. - V. ^ 

Porta, .loliu Ihiptista, 248| 275.% 

Pole, the North, 287; the line of, 
no variation, ih. 

Prismutie colours, 249, 251. 

Prisms, 247, 250, 253, 254. 

Priestley, l)r., experiments of, 
;i86. 

Pump, the house, J61 ; theory of 
Torricelli, 162; Pascal's expe- 
riment, 164, 

Pyrometer, the, 180. 


Uailwiys, transit alon^, 108. 
Itefructioii and reflexion, uppear- 
■ t anees of objects, 2b'5. 

Kest and motion, 56 — 59. 

Kitchie, Professor, remarks of, 
. 299, 300, .3.32, 

''^Tr Matter, 12.5. 

Uoche. M. do la, investigsition bv. 
230. ■/ 


Rumford, Count, experiments of, 
215, 219. 

.Sauasnre, M. def 222. 

8<dieele's treatise on air and fire, 

220. I 

Sciences, the |p1 1 vsico-ina the 
tical,238. * * 


Sea, level in a calm, 103 ; specific 
gravity of sea-water, 125, 
Senses, how fat' deceived, 4, 11; 
suited to man's ^lysical wants, 
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Shot, ronstruction of cannon balU, 
and smaller, 7'2. 

Sight, organ of, 5, 15 — 19; nature 
of, 19—25 ; ocular spcctiu and 
apparitions, 25 — ^27 ; long atid 
short siglit, 203 ; convex Tenses 
for >faT sight, 205 ; concave for 
near sight, 

Silver, oxidt» 5f, 43, 

Solidification of li<Liiids, 201 ; 
freezing point, 202. 

Sound, the atmosphere the medi> 
urn of, 12. 

Space, 33. 

Specific gjiivity, the unit of, 125 ; 
calculation of spocilic gravities of 
^olids, 128; precautions, 129; 

jty.eci tic gravities of gases, 131; 

-.of tiirnis, ih. 

Stars, their niugiiitied appc'arancc 
on the horizon, 240. 

Sturgeon’s, Mr., Annals of Elee- 
tricitv, 301 ; experiments bv, 
420, 470. 

Sun, the, 0, 37, 101. 

Telescope, uses of the, 19 ; metallic 
min-ors of reflecting, 42 ; refnie- 
tiiig, 237, 275 ;,^reflcctiiig, 77 ; 
HerscherB,27S|4j:hri>inotie, 253, 

Thcrinoraeter, tlic,' 194, lf)9; its 
inventor, 195; the diAifknilial 
therm onictcr, 225. 

Time, division of, 34. 

Torrieelli, 72, 1<)2. . 

'I’l-ail's, Dr., theru^cle^tric c« 
hiuatioii, 479. 


Volta’s Invent^ns m%«A-'*tTicitv, 
317, 310 ; Voltaic Jf ,^i v, 396, 
400; galvanism,'"r/90 ; Volta's 
theory, 403 ; his yv'kN 409 ; his 
coiironne dc tasses, 410 ; V'^oltr.ic 
atrangeiiiciits, 414, 417. 419; 
Voltaic currents, 415; Voltaic 
circle, 414, 419, 435; A'e.lcai*' 
light, 451 — 453. 

Vorticella rotuLoria, or ^ heel ani- i 
niulcula% 45. 

Vre, Dr., 214; his galvanic expe- 
riments on an executed uialC' 
factor, 444. 

Watches and clocks, 304. 

Water, 90; passage in pi]>cs, 105, 
110; Roman water-pipes, 106; 
sea -water, 125 ; river-water, ; 
springs, 126; distilled water, 
125, 126; cxpaiibion of water, 
127, 109 ; its /’::njdty de|M‘nds 
on teniperature, 191 docoiii|»o- 
si turn of hy elcctrici t} 45f i, 4 <1 . 

VVuter-commuiiication, mincipfos 
of, 107. 

Water-wheels, 145 ; overshot, ih. ; 
undershot, 140; breast and hori- 
zontal, ih. 

Watt, Mr., (of Ihislol,) his paler: ■ 
for selection of shot, 73. / 

^'’^eight, the eounuon proj*erly of 
bodies, 1 00, 

Weights, 70. 

Woodward, Dr., 247. 

>;T5hiHion, Dr., 251, 317. 331,^ 
390; cxpcriiiicnts, 309; lne* 
Wolhiston hattiTv, 413. 


Valli’s, Dr., experiments in.aiiimAl Young, Dr., 25J , 2(>3. 
electricity, 

Vaporisation, 20? Zinc, 409 ; copper a zinc plan*-. 

Varley’s, Mr. S. theory of clock of galvanic but ter*aA, 412 ; amal- 

aiid watch ma. ing, 304. gamated zinc, 420; e\i>c- 

Vi tel iio on optics, >340. rinieuts, , ; 


THE END. 

(iTLHfi^y & Rivingpon, I'rlnters, St. Squaiv, LctHdpn. 












